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SKELETAL IMPLANT 

RELATED APPLICATION 
The present application is a continuation of U.S. Application No. 09/200,855, filed 
November 30, 1998, the disclosure of which is expressly incorporated by reference herein 
in its entirety. Application No. 09/200,855 is a continuation-in-part of application No. 
08/897,673, filed on July 21, 1997, now abandoned, the priority of which is claimed under 
35 use 120 and the disclosure of which is incorporated by reference thereto in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a skeletal implant, and more particularly to 
an implant of tfiis type to be used for connecting at least two elements of the skeleton, which 
implant is embodied in at least two parts, each of which is capable of being connected to one 
of these elements. 

According to a first aspect of the invention, it relates to a consolidating and/or 
connecting implant, and more particularly to an implant of this type to be used to consolidate 
a connection between two bone elements, of the type comprising a first part designed to be 
attached to one of the elements and a second part designed to be attached to the other 
element. 

2. Background and Material Information 

There are known implants of this type that are capable of being used, for example, 
in the case of a performance of a bone graft or during the formation of a callus following a 
fracture. The two ends of the implant, which are rigidly connected to one another, for 
example because they are embodied in one piece, are each attached, for example screwed, 
to a bone element located on either side of the graft. When the graft has consolidated, the 
implant can be removed. 

However, there are numerous cases where the implant is left in place. This is 
particularly the case when the implant is used to replace a bone structure which is impossible 
to restore or to construct. 



In such cases, Ac rigidity of the implaat, which is often indispensable at the 
beginning of the Implantation, during the fonaation of the aHns, later constituies a 
diawback. In efibct the bone structures no longer sustain suflScient mechanical stress. 
Therefore, they do not reconstitute themselves in an optimal way, this reconstiiation being 
tied to a satisfectory stressing of the bene, the distu^ ^oh 
can resxdt in post-surgical pain that is very difficult to treat 

Moreover, when the implant is to be used to connect two bone elements which are 
nomiaUy capable of moving relative to one another, as mthe case of a rachidian implant, this 
rigidity results in a functional handicap in the patient in v.4iom it is implanted, and excessive 
stress on the neighboring joints. 

flTP^ARV QP TTm rhfVENTIQN 
The object of the Invention is, among other things, to eliminate these drawbaoks. 

According to a second aspect of the invention, it relates to an articulated in^lant, and 
more particularly to an implant of this type intended either to be intercalated between two 
bone elements in relative motion such as an artificial interv^ertehral disk» or to replace a joint 
or an element of a joint, such as an artificial head of the femur. 

As regards the intercalated implant, it can be beneficial to assist the adjacent bono 
structures and the ligaments during rapid, or even violent movements. On tihe other hand, it 
may be preferable to allow these structures and ligaments to work during slow movements 
or simple static loads in order to prevent atrophy or weakening- 
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As regards the articulated implant itself a completely rigid structure fiilly transmits the 
shocks and vibrations to the other element of the joint, resulting in a risk of dystrophy or 
rupture of this other element. 

Also, once a surgical skeleton implant is implanted no modification can be made to 
adapt the implant to the changing needs of the patients. 

Another object of the present invention is to eliminate these drawbacks. 



To this end, the subject of the invention is a skeletal implant of the type to be used for 
connecting at least two elements of the skeleton, which implant is embodied in at least two 
S parts, each of which is capable of being connected to one of these elements, these parts being 
Ci mo vable with respect to each other, characterized in that it comprises between these two parts 

|i 15 at least one adjustable device responsive to non invasive control means, said control means 
I being preferably located on said implant, to exert an adjustable force, for example a 

C distraction or compression force, between said parts, and/or to authorise an adjustable 

h' displacement between said parts between a starting position and a displaced position in which 

I said parts should, at least ten^orarily. be maintained, and^^ to secure a damping effect with 

O 20 an adjustable coef&cient of resistance. 

ni 

It is noted, first of all, that the adjustment can be discrete as weU as continuous, and for 
example, can include only two positions of adjustment. 

It is known that a shock-absorbing device is a device generaUy compri-sing two chambers 
of variable volume filled with a hydraulic fluid and conneaed by a caUbrated opening. A 
device of this type is intended to « cushion » the movements between two elements, one of 
which is comiected to a structure of one of the chambers, the other being comiected to an 
element in which the calibrated opening is formed. 

When the two elements move relative to one another, the volumes of the two chambers 
vary in inverse proportion to one another, the hydraulic fluid being laminated at the level of 
the calibrated opening. The resuh is a force which opposes the relative movement between the 
two Clements which, as will be shown, is proportional to the speed of this movement. 
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Used wiflila the scope of ^ invenJion, a device of this type applied to aa impUat of 
the consolidating and/or conaecting type has the advanlage of aUo wing the bo ne structures 
to function, and tlxus to develop, in a practioaUy normal way at moderate relative speeds 
between the bone elements connected by the implant, paiticularly in the case of static 
stresses. On the other hand, the greater the relative speeds, pardcularly in the case of 
voluntary rapid movement or shock, that is, dynamic stresseSi the greater the portion of the 
stress absorbed by the implant. 

The result is that the ostco-Ugamcntous structure, weakened by the situation which 
justified the insertion of the implant, can nevertheless function and thus rwonstitute normally 
as long as the stresses remain moderate. But the greater these stresses, the more the natural 
structure is assisted by Hxc implant. 

Moreover, the coefficient of resistance being a4Ju6table, it is possible to reduce it 
progressively as the bone structure reconstitutes . The latter can also sustain more and more 
dynamic stresses until, eveaatually, it returns to normal fUncuoning. 

It is noted that it has already been suggested in the prior art to endow prostheses with 
viscoiis and/or elastic means intended to absorb shocks. Likewise, it is well known to 
provide, in certain prosttieses. regulating or adjusting means. However, no prosthesis wifii 
a functional characteristic of viscous resistance has yet been proposed wherein the coefficient 
of resistance would be ac^ustable. This combination is essential in the primary function of 
the invention, which i^ to allow a progressive reconstitutton of the bone structure and an 
optimal continuous adaptation to the state of this structure. 



Whaix^jplied to an articulated implant, the lavcniion also makes it possible to give 
the articulatioa greater flcodbilily. which, as la the prior ait. allows it to absorb shocks, but 
in this case also allows the ocij^iboriiig bone structures and ligaments to woric 

Finally, the consequence of this shock-absorbing characteristic is to protect the 
Implant itself as well as joints located above and below the iniplant, from shocks. 

In one particular embodiniMt, the implant comprises removable means for loc kin g 
the shock^absorbing device at a predetermined length. 

The implant according to the invention, in this embodiment, can function during a 
first period in the traditional way, like a rigid implant. This phase of functioning is fi>r 
example that of the formation of the callxis in the case of a graft. During a second period, the 
locking means aie removed and the implant functions according to the invention, exerfng 
between ttxo elements to which it is connected a force which is proportional to tiieir relative 
speed and is therefore a function of ttie stresses exerted in the graft 

In another laartioular embodiment, the implflnt comprises means for limiting the travel 
of the shock-absorbing device. 

This has the advantage of rendering the implant rigid in the case where the stresses 
reach a certain limit Thus, there is no risk of reaching the rupture stress point 

Advantageously, these means for limiting the travel are adjustable, 

The travel of &e shock-4bsorbing device can therefore be adapted to the patient and 
2 0 possibly increased progressively as the graft strengthens. 
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Aa implant accoriiag to rhe inveation can be embodied in the form of an elongated 
element such as a aawr. or a pin such as a ooxofcmoral prosthesis pin, or even the neck, the 
body or the head of a femoral prosthesia. comprising two end paita connected by a flexible 
middle part, the middle part con^rising two chambers filled with hydrauUo fluid, disposed 
on either side of a neulxal axis and designed such that one of them inaeases In volume wMle 
the other decreases in volume vi4ien the implant flexea, these chambers being linked by al 
least one calibrated conduit. 

This embodiment can be used to connect the two pans of a fractured bone to one 
another, for example the femur at the level of &e neck or the diaphysis. The screw is 
positioned so that its middle part is located at the point of the fecture, wi^ its neutral axis 
disposed as near as possible to the plane of ma^um flexion under stress. Thus, after the 
formation of the callus, the implant will continue to assist it during sudden efforts, the 
hydrauUc fluid being forced from the chamber Wbose volume decreases to the chamber 
v/boBe volume iooeases, through the calibrated opening. On the other band, the callus will 
sustain ii» stade stresses on its own. 

More particularly, tfiese end parts ean be connected by an elastic wall rf di miti Ti g 
these ehambers wifli a periphezal bellows. 

As will be seen below, it is often advantageous to add an elastic component to the 
viscous component of the implant's behavior. 



The calibrated conduit can be embodied in the form of botings in at least one of the 
end parts. 



the ia^lant in the form of a screw. 

Advantageously, a valve is provided on the caUbrated conduit 



val^ can initiaUy be closed during the formaiion of the calhift. Thus «ie inqjlanJ 

i, perfectly riA««i ^ " ^ ^ '''^'^ 

jrfing to die invention, with its ahock-absoibing function- A valve with 

Bakes also makes it possible to provide flie function for adjusting the 



ixeplasit functions 
a ptogtessivB o] 

eoefficient of resi 




The 



control of the valve is preferably housed at the end of the implant, nearest the 



•nxus. a completely non-invasive iirtetvenUon allows the valve to be opened and 
possibly adjusted^ 

In a particular embodiment wbich is espcciaUy weU suited to the petfbnnanec of a 
bone graft for the purpose of replacing an injured vertebra, the shock-absorbing device 
comprises at least one chamber formed of two scmi-chambcr3 joined by a bellows, each of 
the semi^bambers bdng comieoted to one of the parts of the implant, this chamber being 
filled with a bydraaUc fluid, and at least one callbi^ opening being provided in a wall of 
this chamber for connecting this chamber with another chamber. 

•nus disposWon has the «lvaniage of beang very compact and preventing the relative 
sl^page of the mechanical parts, with the resulting risk of hydraalic flmd leakage. However, 
in certain cases a traditional cyllnder^-piston shock-absorber may be preferred. 



Mozepar1icuIflzly» tbsso gemi^chnmhcrs can be in theformof ci^pels whose opeoings 
face one another. 

The above^mcQtiDned lockisg meaxu can in this case compxlae a removable eloz2gated 
locking element, insexted into a&ld of the bellows so as to prevent it fiom collapsing. 

The elongated locking elemfgrf can be embodied in aoy appropriate way, &r. example 
in the form of a metal beaded chain. 

The above-mentioned means for lirnitfng the travel can comprise a stop ring screwed 
onto one of the flemi-chambcxs axxd designed to cocporato with a shoulder of the other sezni- 
chamber to prevent the two semi-chambers from mx)ving toward one another beyond a 
certain limit. 

The other chamber can be housed in a supporting skixt mounted on one of tbe semi* 
chambers arotiad the calibrated opening, opposite the other semi chamber. 

This odier chamber can also be formed of two semi-<hambens joined by a bellows. 

In a piefetred embodiment, the implant according to the invention also includes 
eiastio means between these two parts. 

In effect^ it is often beneficial for the resistance to the relative displacement of the 
two parts of the Implant to be proportional not only to the speed of this displacement, but 
also to the value of this displacement itself relative to a nominal positioni Thus, the implant's 
assistance to tbe surrounding bone structures is even more efiObient when they are far&isr 
apart than in their normal configuration. 



Advantageously. di& coefiSde&t f elasticity is adjustable. 

Thus, it is posaible to a4just the elasticity of the Implant and. for example, to render 
it iacreasingly laexible as the sutrouading structures re-establish ihemselves- 

This type of elBSti city can be obtained in. an implflTrt comprising two chambers filled 
Wth hydraulic fluid and joined by a cahTxcated opcnio*, at least one of which chambers 
contains a compression ampulla at ambient prewure with elastic walls. 

When a movement between the two parts of the implant begins, it produces a 
pressure variation in the chambers, and thus an elastic reaction of the compressible ampulla. 

The wall of this ampulla can have progressive elasticity, OOP of the chambers being 
capable of being joined to a source of fluid under pressure. 

Thus, in this case, it is possilile to regulate the elasticity of the implant by adjusting 
the pressure in the chambers. 

Means can be provided for adjusting the cross section of the calibrated opening. 

In particular, these means fcr adjusting the cross section of the calibrated opccdng can 
comprise a hydraulically controlled needle valve. 

Another subject of tiie present invention is an implant of the type described above 
wherein the shock-absorbing device comprises at least two chambers, specifically two low- 
pressure chambers whose walls are made of elastic matolal, these chambers being joined by 
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at Ua.t one cah^rated conduit and flUcd with hydrauUc fl«^ 
differential prcss^ variation during a relative movemeot of The demenia. 

Tbis type of design makes it possible to easUy obtain implants v^hlch. aa above, not 
onlyhav^aviscousrc^ivbichisafunctianofihcsp^b^ 

s which is a ftmction of fte displacement. 

mtiis case, the crosMectoiof the conduit can advantageously be det«mmcd by the 
p^^vailii^pressmeinahigh-prcss^echa^ 

AS aresuh of this design.tbe codEdent of resistance of die in^ 
vciy easUy by adjusting the pressure in the high-picssure chamber. 

In paxticular. one of the low-pressure chambers can have a waU of relatively low 
rigidity relative to the rigidity of the walls of the other chamber. 

Hds design allows the implant to function even when die two chambers are not 
stressed differently. During a movement which creates excessive pressure, tiie pressure 
increases more in the rigid-walled chamber, resulting in a flow of the hydraulic fluid from 
this chamber to the chamber wifli the less rigid wall and thus a shock-absori^ing effect 

In one particular embodiment, a highi^ressure chamber and a low-pressure chamber 
can be connected, in tho low-pressure to high-pressure direction, by a non-retum valve. 

AS will be seen, this disposition makes it possible to increase the pressure difference 
between the high-pressure and low-pressure chambers. It also makes it possible to maiatain 
2 0 this dificrence despite possible leaks in the high-prcssure to low-pressme direction. 
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The anti-retuzn valve can comptiBe a flexible tube coxmccted to the low-pressure 
chamber, one fiee exui of whidh is inserted into a fiee end of a tube connected to the high- 
pxessure chamber. 

This type of valve 28 v«ry smaU and also has tha advasi^e of being even I 
closed wiien the pressure difference is greater. 

PrcfetHbly» it is also arranged for H^esc chambers to be connected by a pressure 
regulation valve in parallel with the anti-return valve. 

It will be seen that the anti-^retum valve is preferably disposed between the high- 
rigidity, low-pressure chamber and the high^pressure chamber* 

In one particular embodiment, the implant according to tiie invention comprises a 
first Anq iijAf low-pressure chamber, and a seeond rotating chamber in the center of the first 
chamber, the calibrated conduits being formed radially in the wall separating the two 
chambers* 

Advantageously, the outer wall of the first low-pressure chamber is relatively thin* 
and the wall separating the two low-pressure chambers is relatively thick. 

This implant can comprise at least one Bnnular high-pxessure chamber farmed within 
the thickness of the wail separating the two low-pressure chambers, and designed to 
compress the calibrated conduits. 

In another embodiment, this coxvluit is at least partially embodied in the form of a 
tube of elastic material surrounded by a tube that is substantially more rigid, these tubes 
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being joined into rings at tbeir ends, the compwssed volume between 4e two tubes forming 
a hig|h*ptcssure chamber. 



In another particular ambotiiment, the implant is substantially disk-shaped, 
conqjrising a pluraUty of low-ptessute chambers ia sectors, joined by the caUbiated conduits, 
wbich alternate inside the thickness pf the disk with the high-pressuie chambers. 

Advantageouaiy. Ae implant according to th« invention comprises means for 
adjusting the distance between the elemeotB it eoDaects. 

This type of design makes it possible, in particular, to alleviate possible post- 
pperalive pain by adjustmg this distance appropriately. It is also particularly advantageous 
in the case of prostheses intended fer children who are still growing. 

These adjusting means can comprise a beUows ri<^1gn«i to receive a hydraulic fluid, 
and means for connecting this bellows to a source of fluid under pressure. 

Anotfaer subject of the invention is a pair of implants as described above, the low- 
pressure chamber of each of the implants being connected by the anti-retum valve to the 
bi^-pressure ohamber of tibie other impl a nL 

A pair of implants of this type can particularly be provided, in the ease of a graft of 
the vertebral ooltoss, to assist the graft in case of lateral flexion. 

More generally, a pair of implants according to the invention can include means for 
automatically adapting to die movements of the wearer of the implants. 
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Up to this point, bane consoUdatiQa implants embodied according to the invezxtiozi 
have been described. It will now be shoMoi that the invention is also well suited to the 
embodiment of articulated implants. 

In ffais case, eaoh part of an impNtif as described above is articulated.to the otfier, 

More particularly^ those parts can have complemezitaiy surfaces which, rest against 
one another, forzning a ball-and-socket joint. 

An articulaled implant of ftds type can include, in particular, apivot integral vdth one 
of the parts and housed in a space formed between a plxirality of low-pressure chambers in 
the fbmi of sections, urtiicb are integral wiA the other part of the implant and joined by the 
calibrated conduits, which themiSelves alternate with high-pressure chambers. 

These embodiments are suitable as intervertebral disks. 

In a particular application to a coxofemoral joint, the implant according to the 
invention comprises an articulating hoUow sphere whose wall is open so as to allow the 
insertion of the end of a connecting pin, the shock*absorbirtg device being disposed izmde 
this sphere between the wall of the latter and the end of the coxmecting pltL 

More particularly, this shock-absorbing device can comprise an end clement of the 
connecting pin designed to slide through a slot of a partition inside the sphere, which 
partition delimits two chambers In the sphere, and at least one calibrated opening is formed 
inside this end element between the two chambers. 
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In another embodiment, Ais shock-ab^orbing device can include an end eletnmt of 
ttie 'T^nn^^ng pin disposed between two shock-absoifaing elements, each of which includes 
at least two low-pzessute chambers whoso walls ere made of elastic material, these chambers 
being connected by at least one calibrated conduit and filled with hydraulic fluid, and 
dffsigped to sxistaia a differential pressure variation duriAg a relative movement of the sphere 
and the connecting pin. 

Another subject of the invention is a pair of implants as described above, used 
particularly within the scope of an azihrodesis of the vertebral column, each of the implants 
being mechanically connected in series to a connecting pin of a known type, 

More particularly^ each of the io^lants can itichide means for adjiisting the distance 
between the two elements it connects. 

It is thus possible, using a pair of implants of this type, not only to perform the 
arthrodesis, but also to adjust the angle and the distance between the two parts of the 
vertebral column coimected by the prosthesis. 

In one particular mode of embodiment, these adjusting mesiis include, for each 
implant, an expandable element such as a bellows, designed to receive a hydraulic fluid, and 
means for connecting this bellows to a source of fluid under pressure. 

This source of fluid under pressure can conq>rise a hlgh«pressure fluid reservoir. 

Advantageously, this high-pressure resexvoir is common to both implants, each 
e^^andable element is also connected to a low-pressure reservoir, and an e^qpandable refill 
cell is mechanically connected in series to each pin, each refill cell being connected to tlie 
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high-pressure and low-pressure reservoirs by two anti-return valves, one of which allows a 
flow of fluid from the low-pressure reservoir to the refill cell, the other allowing a flow of 
fluid from the refill cell to the high-pressure reservoir. 

It will be seen that this type of design makes it possible to produce a pump activated 
by the movements of the wearer of the implants. 

In another particular embodiment, the above-mentioned pair of implants is formed 
of implants in which the shock-absorbing device comprises at least two chambers, these 
chambers being connected by at least one calibrated conduit and filled with hydraulic fluid, 
and designed to sustain a difEerential pressure variation during a relative movement of these 
elements, the cioss-section of this calibrated conduit being determined by . the prevailing 
pressure in a high-pressure chamber, and the high-pressure chambers of tiie implants are 
connected to the high-pressuure reservoir by a controllable valve. 

Another subject of the invention is a skeletal nnplant as described above, specifically 
belonging to a pair of implants, 

which includes sensors of physical quantities, including pressure, supplied with electric 
power and controlled from oiitride the body in a non-invasive way, and designed to transmit 
their information to display means. 

More particularly, this Implant can also include adjusting actuators which are also 
supplied with electric power and controlled from outside the body in a non-invasive way. 
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In fects the implants which were described have a variable length or 
dimension, the two parts or ends of the implant being able lo move apart from one 
another or approach one another actively and/or passively, for example along the 
longitudina] axis of the implant, by virtue of the interposition of a defonnable 
clement, for example a hydraulic element, control means and/or regulating means 
being provided so as to make it possible to obtain a change in dimension of the 
implant in order to modify the distance between the two bone elements and/or to 
ensure an adjustable viscous or viscoclastic damping permitting a slow movement 
between the two bone elements and also counteracting a more abrupt displacement. 

If necessary, a sufficiently high hydrauHc pressure can be maintained by 
using the effect of a mechanical pump, actuated by the movements of the body, with 
a pressure-limiting valve flap, cooperating with a low-pressure reservoir. 

For example, double implants consisting of two individual implants can 
be disposed respectively on either side of the spine in order to connect two 
vertebrae, each of the two elements thus being fixed to a lower vertebra via an 
anchoring means, such as a pedicle screw, and to an upper vertebra, either adjacent 
or more distant, likewise each time by an anchoring means, such as a pedicle screw. 

In the case of a double implant consisting of two individual implants 
acting on the same skeletal structures, the two individual inaplants hydrauHcally can 
be interconnected in such a way as to permit pivoting movements of the bone 
elements relative to one another, namely a lateral pivoting in the frontal plane of the 
spine, by increasing the length of one of the individual implants and concomitantly 
reducing the length of the other implant, for a correction of deformation and/or a 

daiiq>ing of lateral flexion. 

By virtue of control means, for example noninvasive means of the 
magnetic type, it is possible to effect the desired modifications to the dimension of 
the individual implants and/or the modifications to the damping coefficient of the 
element acting as a damper. Moreover, means can be provided for automatically 
modifying the damping coefBcient or the viscosity as a function of the movements 
of the body. 

In brief the present invention proposes realizing and perfecting an 
implantable device comprising at least one implant equipped with two end parts 
which can be fixed, by anchoring means, on at least two elements or parts of the 
skeleton, and comprising means of displacement, preferably at least partiaUy 
reversible, between the said two ends, these means being arranged to provoke 
and/or maintain a displacement between the said elements of the skeleton. 



This displacement can be a rectilinear and/or curved displacement, for 
example it can be a displacement of elongation, also called distraction, or a 
displacement of shortening, called compression, or a displacement in rotation, it 
being possible for this rotation to be isolated or. on the contrary, to be combined 
with a distraction or a compression. 

Tn the simplest embodiment, in which the said displacement means are 
capable of maintaining but not provoking the displacement, these displacement 
means are controlled by control means, preferably noninvasive ones, which make it 
possible to release ihem so as to allow the patient, or another party, to modify the 
relative position of the two portions or elements of the skeleton, after which the 
said control means are actuated in order to btock the implant in this new position, 
an inverse or reversible displacement still rcmainiog possible if one acts once more 
on the control means, for example in the case where the displacements would have 
been too great. 

Tn another preferred embodiment of the invention, the said displacement 
means inchide a motor means v^th which ii is possible to impose a displacement 
between the said ends by exerting a force between them. 

In a particular embodiment, this force can be exerted temporarily, that 
is to say tor quite a brief instant, for the purpose of provoking a therapeutically 
desirable displacement between the two portions or elements of the skeleton, such a 
displacement often being intended for a small ampUtude. since it is rapidly impeded 
by the anatomical structures which must not be traumatized. At the end of this 
instant, the control means make it possible to block the two ends relalwe to one 
another and to maintain the implant in its new position. 

Tn another embodiment, by contrast, the said displacement means are 
capable of exerting an anatomically active permanent force between the said two 
ends, it being possible for this force to be constant or variable in such a way as to 
exert on the anatomical environment a stress which will gradually permit an 
anatomically desired displacement between the said two portions or elements of the 
skeleton, these motor means being controllable by control means with which it is 
possible to permit or interrupt their fonctioning and/or to adjust the intensity of the 
force. 

If appropriate, the Implant can also include viscous or viscoelasUo 
damping means which can be used when the implant is btocked in its dimension or 
when the \wphnt is freed or when it exerts its permanent active force. Such means 
have been described in the abovemenlioned European and American appUcations. 

l-he said means of displacement and, if necessary, the said motor means 
can be of the hydraulic and/or mechanical and/or electrical type, a hydrauUc type 
being preferred. 
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In one embodiment using hydraulic means, the implant preferably 

includes: 

two parts or end elements, for example rods, each receiving at least one means for 
anchoring in a skeletal part; 

at least one deformable element, preferably hydraulic, interposed between the said 
two elements, and permitting a variation in dimension and/or the creation of an 
active force between them; 

preferably at least one high-pressure reservoir, called a reserve, with which it is 
possible to address the high pressure, on demand, to a fimctional user circuit; 
preferably at least one low-pressure collection reservoir connected to the high- 
pressxire reservoir via a pressure control valve; 

preferably at least one circuit for recharging the high-pressure reservoir, comprising ^ 
M, at least one deformable element, preferably sensitive to physical positions or 

5 movements of the body receiving the implant, to generate a high pressure which, if 

15 so required, feeds the high-pressure reservoir, 

at least one functional circuit, namely: 
£ a circuit for modifying the dimension, for example the length, of the implant, 

^ comprising the said deformable element with which it is possible to modify a 

^ dimension between the two end elements and/or to establish, between the two end 

C 20 elements, an active force capable of provoking a progressive modification of the 

dimension between the said end elements, the said defonnable element being 
^1 connected on the one hand to the high-pressure reserve reservoir by way of a first 

rl vaKc and, on the other hand, to the low-pressure coUection reservoir by way of a 

5 second valve in order to make it possibfc, as a fiinction of the control of the said 

25 vaWes, to incr^ and/or reduce the dimension of the said deformable element m 

order to permit or provoke a lasting modification to the said dimension of the said 

individual implant, 

and/or 

a viscous or viscoelastic damping circuit comprising: 

if appropriate, an elastic element surgically interposed between the said two end 
elements of the in^lant. and a hydrauUc dampiiig element con^)rising at least one 
deformable element sensith^e to the speed of a dimensional variation of the miplant 
and communicaUng with a discharge reservoir by way of a throttle means, 
and control means which can preferably be actuated from outside the body of the 
patient, in order to modify the dimension of the implant and/or the force exerted by 
the implant and/or the damping properties. 

Of course, one and the same piece, for example a deformabte element, 
can form a constituent part of several of the constiments defined hereinabove. 
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The circmt for recharging the high-pressure reservoir is in feet intended 
10 act as a very high-pressure pump, making it possible to establish and to maintain 
a high pressure in a high-pressure reservoir. 

Preferably, especially in the preferred case where the deformable 
element of the high-pressure recharging circuit is sensitive to physical positions or 
inovemenis of the patient receiving the implant, this deformable element has a small 
surfece compared with the active surfecc of the clement which transmits to it the 
force originating from the body, in such a way as to ensure a pressure-multiplying 
differential effect, it being understood that upon each stress only a small quantity of 
very high-pressure fluid is sent towards the high-pressure chamber. 

The deformable element of the circuit for recharging the high-pressure 
reservoir can also be actuated by external means while remaining implanted. Thus, 
for example, this deformable element can be in the form of a pump, preferably 
formed by a metal bellows, implanted on a part of the body at a point where an 
external pressure can be applied to it, for example implanted on the posterior fece 
of the sacrum, allowing this pump or bellows to be actuated by hand via the 

external anatomical planes. 

Alternatively, this pump could be of the magneUc or electromagnetic 
type, having, for example, a movable core actuating a small piston or bellows under 
the influence of an electromagnetic force of external origin. 

It will also be appreciated that the present appUcation incorporates the 
ahematives and equivalents using non-hydraulic motor and/or damping means, 
ensuring the same functions of lasting and adjustable modification of dimension 
and/or force and/or adjustable modification or variation of the damping coefficient. 

Solely by way of example, an implant of the uniquely mechanical type 
can comprise a first end, movable in translation relative to the second end, and 
secured to a rod which is immobilized by a catch which is sensitive to an external 
magnetic control means for blocking or releasing the said rod, a motor means bemg 
interposed between the said rod and the said second end, it being possible for this 
motor means to be in the form of a spring or another precharged elastic element 
tending to displace one of the ends relative to the other when the catch is released, 
it being possible for the movement to be reversible, at least once, for example 
inserting, between the spring and the said second end, a spring support piece which 
can be displaced, by virtue of other magnetic control means, in such a way as to at 
least partially relax the spring. AKematively, the implant can include several sprmgs 
arranged in parallel and capable of being used separately by release means which are 

sensitive to control means. 

In another embodiment, an implant can include displacement means of 
the electromagnetic type, for example a solenoid with a plunger core, the solenoid 
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bein«. secured to one of the ends of an implant and the plunger core being secured 
I «1 Lking means preferably being provided for immobtag the 

:rrelt r'r.". . L t^o di^ere. posiUons the solenoid be^ 
:^::^f be^ powered, via a control means, .om an ei-^J^^J^ % 
e^le an implanted battery and/or an accumulator which can be recharged by 
antenna transmission with transcutaneous coupling. invention 
Such embodiments are reversible within the meanmg of the mver^tion 
because, if ^ desired, they permit a modification in the oppositedirecfon, at least 

^•.iK, nf the dimensional modification which has been estabhshed. 
part^. of t». dnne^ ^ ^^^^ 

or forces of^tln pennitted or ^sed by an implant or a s.t^f at least two 
individual imnlants in the frontal a nd/or sagittal and/or honzontal plane 

L example, the invention can p rovide implants ot this type wiLh wh^h 
it is possible tlimpo^ symmetrical movements of rotation, that is to say m the 
« IS possible ^*^\ J of rotation, of the pedicle screws or sirmlar 

r"y::itr3^vements. that is to say in opposite dictions, or else 

independent of one Wher. ^.nt or force of rotation controUed ' 

Generally speaking, the movement or force ot xo 
between the two alhoring means of an implant according to the ~n an4 
wl^r^^opriate. the coordination of the moven^nts or forces of—ff 
anln^r-eans of several implants, for example the 

double implant, will make it possible, "J^^J^^ ^tween 
„.uch more closely the theoretically possible or ^^^-^^J^^*^' ^^.^ 

- two W pans to progressively 
progressive displaccu^nts. for example for^ 

n^odifiable damping, ranging, fbr ^^^^^^^^^^^^^ I example, to 
consolidation or healing to progressive mobihty, making po 

safeguard a ioint. ^ ^ , ^ , ,,3 ^^^^;^^ 

which means are connected respectively to the saxd first 
at least one deformable element connected respectively to 
^ -horing means, and means permitting a nonrectibnear 



station, between the said anchoring means^ 



35 



The skel< 
anchoring in bone p 
and second end clemer 
the said first and 

movement, parti c ularN'a lyxaxiou. —j - -j^;;;;^,,:^ 

■ bie implant can include means permitting a rotation between 

^""'''"""^le said deformable elen^nt can be deformable in^^^^^^^^^^ 

T^e implant can include means permitting a rotation of at least one 
the said anchoring means relative to the e^ piece to which it is connected. 
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The abovementioned movement of rotation can also be combined with 
movements of translation, in such a way that the resulting movement can be a 
complex nonrectilinear displacement. 

According to one refinement, the skeletal implant, having a first and a 
second end element, means for anchoring in bone parts, for example by way of 
screws, such as, for exaiiq>lc. pedicle screws situated at the said ends, at least one 
deformable element, for example a hydraulic element, containing an incompressible 
hydraulic fluid and interposed between the two end elements, and means for 
actuating the deformable element, for example, if necessary, hydraulic circuit means 
connected to the said at least one deformable element interposed between the said 
ends, and capable of permhting a lasting modification, preferably obtained 
progressively, of the distance or the force between the said two ends and/or a 
- ■ viscoelastic damping of the movements between the said two ends, the said 
actuating means, for exan^le the said hydraulic circuit means, being sensitive to 
S 15 control means which can preferably be actuated from outside the body of the 

5 patient, is characterized in that the said fixing or anchoring means are fixed to the 

«p; said two ends by articulated attachment means, and in that the said fixing or 

5; anchoring means arc additionally connected to one another via a rigid joining 

element which is relatively parallel to the geometric axis connecting the said two 
ends of the implant and is situated at a certain distance from the said axis, by 
attachment means which are likewise articulated, for example in such a way as to 
form between the said four attachment points a deformable quadrilateral, permitting 
an angular movement of rotation of the said fixing or anchoring means relative to 
one another. 

25 These articulated attachment means can consist of actual mechanical 

articul^itions or of suitably deformable joining means. 

For example, the articulations can be articulations using a ball which is 
received rotatably in a seat of the end piece, this ball having a passage through 
which it can receive and hold a part of an anchoring means, such as a pedicle screw. 

30 Of course, aU other articulation principles such as a pivot articulation can be used. 

In one embodiment, the said joining element is situated between the 
axis of the implant and the bone elements to which the implant is fixed, but in 
another embodiment the said joining element is arranged on the other side of the 
axis of the implant in relation to the bone elements which are joined by the implant. 

35 The said joining elements can be simple rigid links such as rods or bars 

of invariable length. 

However, in another embodimeni, these joining elements themselves 
can include, between their ends, at least one deformable zone, which then makes it 
possible to effect displacements, such as, for example, an elongation of the implant 
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without relative rotatbn of the fixing means, by sifflultaneou.s imdificaUon of the 
lenjrth of the actual element and of the joining element, and/or to efect a 
viscoelastic darr^ing between the bone ekments without any movement of rotation 
ofthe said fixing means. ^ j u 

A con^tcx in^lant in accordance with the invention can be fonned by 
using two individual implants arranged, for example, side by side, for example on 
either side of the spinous processes of the vertebral olumn, with a hydrauhc 
interconnection making it possible to effect at least one ofthe following foncuons: 
antisymmetrical n>tation movement ofthe means of one individual implant relative 
to the movement ofthe anchoring means of the other implant, 
symmetrical movements of the said anchoring means. 

independent movements. ^ 

Of coun«, for fl» «ke of sin^liciw the two Individual .le«Ms of a 
complex impto. «n use con»non hydraulic elemeaa. such as. for example, lugh- 
pjure reservoir, low-press^e collector, means fcr creating the high pressure, and 
means fcr controlling the hydraulic circuit. 

in another embo<Bniei)«. intended to permit a rotation in a transve.se 
plane, or. if apprepriate. an oblique plane, relative to the general direction of the 
Llant. that is to say .he direction connecting the two anchoring means or screv«, 
Z skeletal implant, having a firs, and a second end element, '-^^^ 
^ring In bone par«, for example by way of sc^ws, for example pedtcle screws 
situated at the ends, at leas, one deformable elemo.. in.e,p.s^ b«ween tte^ 
end elerr^nts, and its actuaUng means, .o penni. a lasUng '^•^^'^^^^ 
ob.ained progressively, of d« disUnce between one end and an e.em«. movable 
^lative .0 ..Tsaid one end. ^ con„ol means, which can preferably be aco^^d 
ftom outside .be body of the paden., is charaCeri^d in '^ "^^^^ 
element is arranged to provoke or permit a rotation of 0. o.her of nvo ends 
about an axis subsrantfally parallel to .he said nnplant. 

means by which the displacement ofthe said movable element by 
d« movement of U» deformable element trai^forms *is ""^ 
movemen. of roution of *e said oti>er end. and of the fixmg or --""^^ 
which it supports, can be a means combining a sc«w and a nut m such a way t^ 
^Iv. J™ of .anslation of *= one provokes a o»vemen. of roUtion of *e 



Other 



to a particular embodimen., U« deibnnable element is interposrf 

between .he two end pieces, one of which is capable •-'^"frl:rira 
fl« defonnation of *e deformable clement entrams a. one and .te same <mK a 
rJTn and a «nsUtio. of on. ofU^ end .lemen.s, and .bus of *e anchonng 
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means which it bears, relative to the other end piece, translating into a heUcal 
movement of one of the end pieces relative to the otho:. 

In another embodiment, the two end pieces can be secured to one 
another in such a vray as to remain spaced apart by an invariable distance, the 
5 movable element then being interposed between this assembly of end elements and 
the means for transfonning the deformation of the movable element into a rotation 
of one of the end elements relathrc to the other. 

Tn another embodiment, it is the deformable element itself which is 
constructed to defomi in rotation, for example by using a deformable chamber with 
1 0 rotary piston, according to the well-known principles of hydraulic rotation. 

Devices capable of rotation, such as have just been described, can be 
particularfy useful in cases of severe scoUosis or serious degenerative destabilization 
N' of ^ spine. In these cases, it will for example be possible to fix two devices 

% according to the invention on either side of the posterior process of the vertebra, 

J 15 between two vertebral levels, and to provoke rotation between the two anchoring 

Cj points of one of the two devices, or a rotation combined with a longitudinal 

+: displacement, the other device then being capable of a complementary movement of 

geometric adaptation of the displacements imposed by the first one. 

All kinds of complex nonrectilinear displacements can be obtained by 
20 means of the intervention, for example by subjecting the displacement of an 
anchoring means, or of an end piece, to a cam or slide or other curved guide. 

The implant consisting of a device according to the invMition will 
f J preferably have an external shape suitably adapted to the physical environment in 

which it is located. For example, in particular for vertebral implants, it will be 
25 advantageous to give each of the two ends a streamlined shape so as not to disturb 
the adjacent tissues, especially since, by virtue of the inqjlants according to the 
invention, it is possible to achieve a functional improvement which should involve 
the muscles and ligaments, in contrast to arthrodeses which cause their atrophy. 

This streamlined shape can comprise an envelope, which is preferably 
30 deformable and is appUed around the implant, and of which the two ends which 
have the fixing means for the anchoring means emerge fi:om the envelope, the latter 
containing the various other components of the implant. The free internal volume in 
this envelope can preferably serve as a low-pressure liquid reservoir. The implant 
preferably includes, inside this envelope, the movable element which can be a 
35 mechanical motor or preferably a hydrauUc moUix, for cxan^le a hydraulic bellows, 
the interior of which is connected via a low-pressure valve to the low-pres.<5ure 
volume formed in the envelope. 

Preferably, the mterior of the envelope also includes a high-pressure 
reservoir, preferably a beUows, and. again preferabfy, a differential deformable 
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r ending Uauid at very high pressure into tl.e high-pressure reservoir, the 
element for sendmg Uqiud at very g P _ ^.^^^.^ ^ ^ ^.^^^^ 

..h-pressure ^^^^^ valve p« l>eing 

pressure valve, the high-pre.sure vaiu ^^^.^^ ^^^^^ 

relatively spaeed apart from one another m order to easily pe 
u ^^^r«al control means, such as, for example, magnets. 

■ H- ild is provided at various levels of die spine, it is also poss^le o 
individual iroplanls is provioea recbareing ineans foe 

movid. a single high-pressure reservoir and/or a Mngte recn E g 
Ll-ging .he high-pressure reservoirs, which is situated away torn the various 
Ldividll'taipUnU ar. is connected to these hy — = co^- 
The high-pressure reservoir can advantageously be ""'S 
^ U^uid Which it contains a. high pressure, even ^^^J^^-^^J^Z 

are - -'i^^d":^ Cyt^ning the high- 

i„ the volume oflKluid Th^ can ^effe ^^^^.^ 

pressure reservoir in the fomi of ''^•■''"J ^y^l is eicpanded when it 
sciffiiess, for example . metal bellows "^'''''^ZTo ret'rL in order to 

cental the liquid at high pressure, this Wlo^ tn^l^^ faction travel. 

• . - ti,^ y,ioh nressurc during a substantial part oi its 
maintain the nign prcssun- •& • i ,^ r^cciWe in order to 

MemativCy. or in eotnbination wUh such a^Uo^ . aU ,.ss*.. ui^o 

.^.ain high -^ue o pre«u« in „^ , 

::^ed^ il o" etthe high-pressure liquid is introduced 
con.pr.sse4 "-J^"^ .ustically while at the same time 

lmoU«h«!h,pr.^ur. reservoir an ^i^„^ from the high-p.«suie 



any risk of escape ofgas. 
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Particular embodimoiu of the invooatioa wiU now be described, by way of a noa- 
]j ^ifTng exainple, in refisxence to the appended schematic drawings, in which: 

-Figs, laandlb ybrmyti^^^ly ilfagtrata principal of the invention applied to the 
fonnation of a callus after the fracture of a long bone; 

S . Fig. 2 schematicaUy iUiistrates a femxxral ic^ 

the neck; 

^] . Pig, 3 shows a screw according to the invention which can be used to implement 

D the process of Fig. 2; 



- Fig- 4 is a larger-soale view of the detail IV of Fig- 3; 
X 0 - Fig. S is an even laiger^scale axial section of fte detail IV; 



C| . Pig, 5 i5 a schematic axial section illustrating the functioning of this screw; 



Eli 



- Pig, 7 is a schematic axial section of a shock-absorbing device which can be used 
in an implant according to the invention; 

- Fig, 8 is a pardal view of the device of Fig. 7 showing a certain number of 
15 improvements; 

. Fig. 9 is a partial section along the line DC-DC of Fig. 8; 

- Fig. 10 is a view in perspective of elements of Figs. 8 and 9; 
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-Figs 
jjpprovemepts. 



Ua and lib axe abo partial vi^ of the device of Fig. 7 showing other 
in two successive pha*« of Ac utiliatioa of the device; 



-Fig. 12 isaftoi^viowiapaitial section ofarachidiaaimplantembodi^^ 
to tlie invention; 

S .Fig. 13 shows thautilizatioaortwoinqdflats 

scope of a lachidiazi aithrodesis; 

C .Fig. i48howsindetail,in«Qalsection.theimplaatsofFig. 13, ia section along the 



■Fig. 

line XlV-XrV of Fig. 15, and their inleicconnections; 



m . Fig. 15 is a crosa-sectlonal vieW along the line XV-XV of Fig. 14; 

- Fig. 16 is a diagram of tiie device of Figs. 13 through 15; 
. Fig*. 17a tbrou^ 17d illustiate the functioning of the devices of Figa. 13 through 



m 16; 



- Fig. 18 shows a top view, in i>artial cross-aeetion, of another embodiment of a 
rachidian prostixesis according to the in^ienlion; 

- Fig. 19 i3 a sectional view along the line XDC-XDC of Fig. 1 8; 

- Fig. 20 is a aectional view along tiie line XX-XX of Fig. 18; 

. Fig. 21 is a sectional view tlooi 4» line XXI-XXI of Fig. 1 8; 
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• Fig. 22 iUisstnated the uUercoDJoection of the chambers of the prosthesis of Fig. 18; 

- Fig« 23 shows mo&iBr possible assembly of two implants like those shown ia Fig. 

14; 

- Fig. 24 illustrates a vaziBnt of Pig. 23; 

• Fig. 2S is a schematic sxial section of an application of the invention to an 
inlervextebral prosthesis; 

- Fig. 26 shows thj& implantation of the prostheses of Fig. 25; 

• Fig. 27 is an axial sectional view of a "Ugament** of Fig. 26; 

^ Fig. 2S shows a schematic top view of an embodiment of an isatetveitebral 
prosthesis according to the invention; 

- Fig. 29 is a sectional view along the line XXDC-XXK of Fig. 28; 

- Fig. 30 is a sectional view along the line XXX-XXX of Fig. 28; 

- Fig. 3 1 is a sectional view along the line XXXI-XXXI of Fig. 28; 

- Fig. 32 is a view in perspective showing in greater detail the implantation of die 
intervertebral prosthesis of Figs, 28 through 31; 
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- Fig. 33 is a view in perspective of an anti-rctum valve v/Hch can be used in an 
implant according to the invention; 

- Fig. 34 is an axial sectional view; 

- PigB. 35 and 36 are views in peispootive of a coxofemoral prosthesis embodied 
according to the invention; 

- Fig. 37 is a schematic cross-sectional view; 

- Fig- 38 is a sectional view of the head of the prosthesis of Figs. 35 through 37; 

- Fig. 39 is a partially exploded view of the prosthesis of Figs. 35 through 38; 

- Fig. 40 shows another implant which can be used in place of those in fig. 13; 

- Fig. 41 is a view in perspective of an element of the implant of Fig- 40; 

- Fig. 42 is an axial sectional view; 

- Fig. 43 is a view similar to Fig, 41 of another embodiment: 

- Fig. 44 is an axial sectional view of this embodiment; 

- Fig- 45 illustrates the functioning of the elements of Pigs. 41 throxzgh 44; 

- Fig. 46 illustrates another mode of functioning of this embodiment; 

- Fig. 47 is a schematic view of the entire hydraulic circuit of an arthrodesis of the 
vertebral column using implants of the same type as the one in Fig. 40; 
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Figure sXsho^vs a diagrammatic view of a pair of implants for 
aiitisymmetrical rotations according to a first embodiment of the invention. 
Figure 52 sh^s another embodiment of such a pair of implants. 
Figure 53 sho^ another embodiment of such a pair of implants. 
Figure 54 showW particular embodiment of an implant from Hgure 

^ Figure 55 show. a\cw of a pair of implants according to the invention 

for symmetrical rotation moveme\ts according to a first embodiment, 

Figure 56 shows a sccVe'nbodimentof-such a pair of implants. 

Figure 57 shows a Ard embodiment of a pair of implants for 

symmetrical rotations, x , • i . c,.™ p;oiirn 

Figure 58 shows a view o\an embodiment of an implant from Figure 

57, 

Figure 59 shows a diagraromjttlb view of a pair of implants, one ot 
which permits a simultaneous axial and rotf «|nal movement in a plane transverse to 
the general direction of the implant, 

Figure 60 shows a diagramt 
which permits a rotation without translatioi 
the general direction of the implant, 

Figure 61 shows a side view of an emWjdiment of an implant according 

to Figure 59, 

Figure 62 shows a front view with partial Wtioning of this implant, 
Figure 63 shows a front view, with parti^^ sectioning, of an implant 
according to an enibodimcnl from Figure 60, 

Figure 64 shows a cross section of a detailed embodiment of the 

invention. ^ . 

In Figures 5 1 to 60 which foUow. it is assumed thto the spine extends m 
a vertical direction and that the two individual implants are aA^ged on either side 
of the succession of spinous processes, and that the lower Wide screws are 
screwed into a first vertebra and the upper pedicle screws are screed into another 
vertebra, which may or may not be adjacent and is arranged above ti^ first one. The 
two individual elements are shown in a frontal plane which is th kpl^nc of the 
drawing. The rcsiilt of this is that the pedicle screws should be oriented^ a more or 
less sagittal plane, in other words more or less perpendicular to the pW of the 
drawing, or at any rate inclined, but for reasons ofsimpllcity of representkion they 
have been shovm in the same frontal plane. Likewise, the joining elemeAte have 
been shown in the same frontal plane, whereas they should be in the perpenJjicular 



of a pair of implants, one of 
^mcnt, in a plane perpendicular to 



Figs, la and lb r.pr«en. . loog bo« 1 in ^» nuddl. p«. 2 . gr^ 3 h« b=«> 
formoi, betvrecntwo end elMnents 4 and 5. 

Aa m*l«-, g=n»^ '^'^^ ^ """"^ 

c<««0Udaa gnft 3: Fo. «s pmpo«. the tarl.« « corof ri«s parts 7 a»l 8. of 
«Uch i, a=«v«d i,^ one of 4= booc elemoot. 4 and 5, respectively. AceorfSng .o «,e 
invention, the opposite ends of parts 7 and 8 « wn-^ l»y " shock-ebsorbing dev«.. 

Ue shock absorber 9 is co=wo»diB atooi™ way of acylinder 10 «hich fbnns two 
clo3«l chamber 11 andnrespecttvely.sqaraledbyapirton head 13,monDted5Ucb that 
it slides in the cylinder. For .bis purpose. *e cylinder 10 is fiUed »im • hydranUc fluid, 
^ch can be taninaled at the level of a eaUbr-ed opening (not represented) formed m the 
piston head 13- 

Means of any known type, also not represented, are provided for adjusting the 
coeffiaent of resistance, for example mean^ for adjusting the cross-section of the calibrated 
opening. Adjusting means of this type ai« present in all the embodiments described below, 
even in the cases vvhere they are not mentioned. 

The end of the part 7 of the implant is connected to a piston rod 14 attached to the 
head 13 and passing through one of the end plates of the cylinder. The end of the part 8 of 
the implant is connected to the cylinder 1 0. 

Moreover, a removable rigid connecting piece 1 5 initially connects flie end parts 7 
and 8 of the implant, thus making the shock ahsorb» 9 inactive. 

The implant 6 is put in place with its coimecting piece 15 CFig. la), wbi^ 
as long as no caUus has formed at the level of the graft Due to this connecting piece, the 
implant behaves like a standard implant, sustaining both the static and dynamic stresses. 
When the callus has formed (Fig. lb), the connecting piece 1 5 is removed or inhibited. 
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Since the shock absorber excxts between the parts 7 and S of the implant 9 a force 
proportional to the relative speed of these two parts, the partially reconstituted bone will 
sustain all of the static stresses. On the other hand, it will be increasingly assisted by the 
shock absorber as the dynamic stresses it sustains become more substantial, thus causing 
high rates of strain, in this case tensile strain or compressive strain. 

2 throu^ 6 show an application of the principle ocpiained in refetence to Figs, 

1 an and 



Thcst figures show the top part of a femur 1 00 which has sustained a fracture at the 
^ level of the neck 1 0 1. In a known ymy^ a screw 1 03 is inserted Into the body of tiie femur and 
C into its head 104, in order to hold the latter In plane until the formation of a callus and the 
suture of the two parts separated by tho fracture. 

The screw 1 03 is embodied in two rigid substantially cylindrical parts, namely a body 
^ 105, the part of the screw nearest the skin, and a threaded point 106. the part farthest from 
r the skin, respectively. The part nearest the skin comprises, at its external end, ahead 107 for 
p turning the screw 103- The two end parts are connected by a flexible middle part 108. 

o 

i: The middle part 108 is formed by an annular bellows 109 which connects the 

S peripheries of the inner ends of the body 105 and the point 106. A flat elastic blade 110 also 
connects these two ends, which blade contains their axis, thus allowing a relative pivoting 
movement between the two parts 105 and 106 in a plane perpendicular to the blade, while 
preventing such a movement in the plane of the blade. The blade 1 10 thus forms a neutral 
axis in a rotation between the parts 1 05 and 106 around an axis perpendicular to the axis of 
these parts and contained in the plane of the blade 110; 

Bius, the bellows 1 09 and the blade 1 1 0 delimit two chambers 1 1 1 and 1 12 disposed 
on either side of the neutral axis. During a bending of the screw, which causes a relative 
rotation of its parte 105 and 106 around the above-mentioned axis, the volume of one of the 
chambers (1 1 1 in Fig. 6) increases while the volume of the other (1 12) decreases. 

4 

The ohambcrs 1 1 1 and 1 12, as well as thdr connecting conduits as described above, 
are filled vnik a hydraulic fluid. 
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Borings U3paraUeltothcaxisofthescreweachconnficttoone f the chambers U 1 
and U2 and connect t. one another thxouflh a transverse boring 114. A valve 115 (not 
represented in Fig. 6) mounted in the boring 1 14 makes it possible to open or close the 
connection betv^tbe chamber 111 and 112. «>veU as to regulate the cross-seodon ofthe 
passage between these chambers. 

■n«contoln»lI16oftevJv. US i. coaxi.1 v44,hebody 10Sof(h.«r«r.^<l 
tocanW.lh=^«blchfor«3n.plci.i».lfa«^.Ubclu4=di.U>ehe^l07.fth..c^. 

■au, it U dispos«l n«r .!« ouBide Of 4. body of the p«ia« whcro a« «r« « 



TTie screw lOSV. positioned in . tao-m wy. but such tto tts middle part 108 « 
.ii^^ed «.ie level ofkfi^ Mo«ov.r, .he s«cw U immobilized ia .xiel rotation in 
^ » w.y tW the plen^fo bW. no i. P-P«.dicol.r to th, plMie of Fig. 2. m . way 
a... con produe. a t.l.a»y«tioa of the p.m 105 «d X05 of the sc«« -onnd an 
j.,p«>diculat to thi5 plane a\l papains thK«i*th« level of thepBt 108, 



During aie implantation, fee valve 11 5 ia dosed. Ttvs. no conn«*on is p«mitted 
the chambora 1 1 1 and 1 1 2, so th^t the screw ia perfecUy rigid througbout the tune 
ft ujcea fcr *. caUna to form. Once the eallua has formed, a minor in.aven.ion aUowa access 

oth. conttol he«i of tte valve 1 IS, making it possible to open this valve, and B. adjust .t. 
,:^g ^ cODse<tuonay the eoeffielen. of resisunce of are implMst. 

Figs 1. «vd lb illustrate Ito utilization of a stondanl shoek-ibsorbing device. 
Oeo«dly. however, sbock^absolbing devices used wiU bo better «iaf ted to fl» particular 

use to be made of them. 

Thu3 Fig.7shov^a6hock^rbhig device in whidxeachoftfaetwo chambers 220 
221 hasavariable volume due to the presence ofabeUows 222 and 223.respecd^^^^ 

Tte chamber 220 is formed of two semi^hambers in the shape of cxq»ls 224 and 225 
v/faose openings face one another. Hiese cupels are connected by the bcUows 222. 
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LikevHse the chamber 221 is fonned f two semi-chamben.. one of ^^ch « 
e^tutedbyac^lindcr 226^totheoucside of the bottom 227 of ti^c^^^ 
tteothcrof^cfai..a^228whoseap«ingftccsth.cyli»dcr225.^ 

the a5)el 22« are eoaneowl liy <1» IJoUovre 223 . 

of a« Uflow. bitfU. i. -nb«B«* i" °f •'"^ °' 

228 in the case of the bellows 223. 



calibrated oi 



The cham^-xs 220 and 221 an, filled vdth a hydxauUc fluid and connect through a 
22f\Gut into the bottom 229 of the cupel 225 and opening into th* 



chamber 220, tending 



cylinder 226. ■n.us.U I » ««P^yo 5U«s U exerted c„ the c^ls 224 »d 225 of fl» 



|o push them toward one ano^, the volume of this chamber 
;s through the opening 229 and ia forced into the chamber 22 1 , 
force which opposes the approach of the CTq>el8 224 and 225 



decreases while the iiui^ 
v»ho8e volume increas^-^ 

is proponionl to thT^"* ^ -""^ ^ ^ do not ««« .ny fcnx, 

particailarly of an elastic nattye. 



Wbm the compression stress stops, the beUows return the chambers 220 and 221 to 

their original configuration. 

In the embodiment represented, the chamber 221 is housed in a cylindrical stress- 
t«n«nitting s^ort skixt 230, welded to the botlom 227 of the ct^l 225 around the cylinder 
226. In this case, the stresses are transmitted to the shock-absorbing device by the cupel 224 
and the skirt 230. which two elements connect the two parts of the implant. 
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In Figs. 8 through 10. the 224 compdsea, in a cyliodrioal azea, an external 
threading 240 ootowfaid^L is sciev^ a stop equipped Mdth & cooperating internal 

threading. One end of the ring 241 &ces a shoulder 242 of the ci^ 225. in this case the 
edge of this cupel onto \vbich one edge of ttie bellows 222 is welded. 

S Moreover, a W^aded chain 243 is engaged in ttte ftnnular space 244 delinaited by the 

fold of the belk)xv8 222/tflaich includes the edge of ^ 

241- The beads of the cham in this case have a diameter substantially equal to the distance 
aj equilibihmi between the^^ 

245 of this chain exits tbfijwl«r space 224 through a slot 246 fonned in the lateral wall of 
10 the stop ring 24 1 , opposite thoVhouldcr 242 . 



w 



W 



During the insertion of the implant, and in tiie subsequent consolidation phase^ &e 
chain 243 prevents the collapse of the bellows 222 in such a way that, under compression, 
the device behaves substantially like a traditional rigid Implant If the chain has a diameter 
smaller than the thickness of the space 244, the device has a partial shock-absorbing function 
.15 in this phase. 

After consolidation, the chain 243 is removed by pulling on its end 245, the device 
then flmotioning entirely accordiag to the shock-absorbing principal of the invention. 
However, a cooajsression limit is obtained by the abutment of the edge of the ring 24 1 against 
the shoulder 242 of the cupel 225. Thus, the device once again fimctionsy under conqsression, 
2 0 like a rigid implant 

Figs. 1 la and lib illustrate an alterziato embodiment of the locking system of the 
chain 243 of Figs. 8 through 10- In this case an elastic needle 250 has one of its ends 251 
welded to the inside of the cupel 224 of ^ chamber 220, Initially, the other end 252 of the 
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needle 2S0 is engaged in the calibtaied opening 229, which it obstructs. Due to the 
Incompresfiibility of the hydxaulic fluid contained in the chambers of the device, the device 
is perfectly rigid. 

When desiring to make the device function according to the invention, it suffices to 
5 distance the cupels 224 and 225 ficom one another enough to disengage the end 252 of the 
needle 250 ftom the opening 229. Hiis opening is &en fiee to allow the passage of the 
hydraulic fluid and cannot in any case be re-blocked by the needle 250. 

Ci The rachidiaa implant 260 of Fig. 12 comprises two end parts 261 and 262 equipped 

C; anchoring cones 263 and 264, respectively. Tt^ part 261 also includes a sleeve 265 

G 10 connected to the anchoring cone by a leiigfli adjusting screw 266. 

y^i A shock-absorbing device 267, in this case the same type as those described in 

C reference to Figs. 7 through U , has a cupel 224 integral with the sleeve 265 and a sldrt 23 0 
integral with the end part 262. 

Ci 

se.. 

C implant of this type can be used during operations for restoring the functioning 

15 or the integrity of the vertebral column. The vertebrae at least partially retain their structural 
functions in case of static stresses. On the other hand, the implant is more active when the 
dynamic snresses are substantial. 

Fig. 13 shows an arthrodesis of tiie vertebral column in which two pins 301 and 302 
are anchored in two vertebrae 303 and 304 so that, in a known way, they provide a 
20 connection between these two vertebrae. The pins 301 and 302 in this case are each 
embodied in two parts 301', SOI** and 302', 302"i respectively, each of these parts being 
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connected at one of its ends to one f the v«tebr- 303 and 3 04. and at its other end to the 
other part, by means of a device 305 acooidiag to the invoniion. 

An exsmple of this type of device is described in reference to Figs- 14 and 15. 
respectively in cross-section and in aaal section. 

The implant 305 coir^^ises a shell constituted by two half-shdls 306 and 306' which 
are upper and lowcx sheUs. respectively . Disposed inside this sheU is an alveo^ 
307, particularly made of siUcone, which ensures both the elastic and shock-absorbmg 
flinctions between the two half-shells 306 and 306'. 

The strucuire 307 comprises an outer tone chamber 308 and a substantially 
cylindrical ceniral chamber 309, these two chsmbeis being separated by a partitiou 310. Hie 
partition 310 is constituted in the following way. 

O It forms athick wall 311 of low elasticity (of high elastic rigidity) relative to the 

0 extemal wall 312 of the outer chamber 308. Kadial conduits 313 disposed inside (his waU 

^ 311 connect the chambers 308 and 309. Annular chambers 314 which communicate freely 

15 with one another are fonned between the conduits 313. which conduits 3 13 and chambers 
3 14 are distributed in layers perpendicular to the axis of the prosthesis. 

The lower half-aheU 306 in this case is connected by a beUowa 315 to a base 316. 
Means, not represented, make it possible to riyect hydrmilio fluid under pressure into th 
. chamber 317 deliinited by the bottom of the half-sheU 306, the beUows 3 
20 . It is thus possible to a^ust the axial thickness of the implant 305. 

Obviously, a differential adjustment of the two bellows 315 



- 36 - 



Fax en is Par : w^/u^^i* Joa-^. 



makes itpossiblc to realign tbeveitehrae of Fig. 13. 

By providing a lange of ai^ustmcnt tbat is sufiSdeot to allow a subatantial variation 
of the Icngtii of tha device, it is possible to produce an adjustable internal fixation, allowing 
the repair of the vertiehrae wi&out the need fiar osseous fusion of fee joints of toe vcrtcbrao. 

Other means v^iiich are not represented, but which are included for most fluid 
ii^jectioa sites or ac^ustingbuttoDS implanted under the skin of the patient, make it possible 
to adjust the pressure in the chambers 308 and 309 on the one hand, and 314 on the other 
hand, the pressure at equilibrhim in effect being eq^ 
309, and lower than the pressure in the high-pressure chamber 3 14. 

Fig. 14 also shows that the central low-pressure chamber 309 of each prosthesis 305 
is connected to the hi^-pressurc chamber of the other prosthesis by conduits 3 1 g equipped 
as described below. 

Mounted in each conduit 3 1 8 is an arxti-retum valve 319 wfaidi can open fbom a low- 
pressure chamber 309 into tfie corresponding high-pressure chamber 3 14, whm the pressure 
in the chamber 309 becomes higher than that in die chamber 314. Moreover, a pressure 
control valve 320 is mounted in parallel with the valve 3 1 9, which valve is calibrated in a 
known way to establish a predetermined differential pressure between the low-pressure 
chamber 309 and the high*pressure chamber 314. 

It is noted that the conduits between the low-pressure chambers could, in a variant, 
be disposed outside the shell. One such embodiment would involve producing a conduit of 
this type at least paitxally in the form of a catheter made of elastic material surrounded by a 
substantially more rigid tube, the catheter and the tube being j o ined into rings at their ends. 
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for exfiinple by mfians of axlhesive bondixig or welding. The hig^-^resstire chamber in this 
case is constitixted by tha volume between the catheter and the tube. 

Refer now to Fig. 16, in ^^ch the same reference numbers used in Figs. 14 and IS 
have been repeated, combined with the letters D and Q &r the right and left implantSi 
5 respectixrely (seen from the rear of ttie patient wearing ttic prosthesis). 

In Fig. 16, the various chambers are comparable to pressure cylinders wherein the 
y body constitutes the chamber itself. These cylinder bodies are consldczcd to be fixed, which 

C means that the lower parts 301' and 302* of the pins 301 and 302, the bases 316, and the 

Q 

^: lower half-shells 306 axe assumed to be fixed. 

f|i 1 0 The pistons 309D' and 309G' aiul 3 14D* and 3 lAC illustrate the stresses exerted on 

^ the corresponding chambers by the uppex half-ahells 306* when the jjallent bends laterally, 

Q to the left in Fig. 1 6 as seen fiom behind. As for the pressure cylinders 308D and 308G, the 

elasticity of the walls is only symbolized, by tiae springs 321D and 32 IG, the pressure 
variations in the chambers 30S in practice resulting only in movements of fluid though the 
n\ 15 conduits 3 13 due to this elasticity. 



3%= 



Finally, these conduits 313 are symbolized by flexible restrictions compressed to a 
greater or lesser degree by the fluid contained in the high*pressure chambers 314. 

The behavior of the left implant, which is compressed during the movement, will now 
be examined. Due to the thickness of Uid wall 31 1 and thus its low elasticity, the central low- 
20 pressure chamber 309 can increase in diaznetar only sUghtly to compensate for the decrease 
in its height The fluid it contains will then be C3q>elled through tiie condmts 313 to the 
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peripheral low^prefisuie chamber 308. Hms, the desixed shock-absorbing function is 
obtained. 

Furtfaeimoie, ibo elasticity of the wall 312, symbolized by the sprixig 321 of Fig. 16, 
will fiimultaneously have the tandency to xenst the expansion of the chamber 308, and 
dierefoie the entry of the fluid into this chamber Thus^ the function of elastic resistance is 
obtained. 

It is noted that, as the loft half-shells 306 and306' move closer together, the left high- 
pressure chambers 3 14 also move closer to one another, Viiiich has the effect of increasing 
the coefficient of resistance by reducing the cross-sectiojas of the condxiits 313. 

On die right side, v^Aiare conversely, the half-shells 306 and 306* have a tendency to 
move epagt, the fluid will move hi the opposite direction. Due to the rigidity of its walls, the 
cross-section of ^e diamber 309 will not vary much. But as its height, and therefore its 
volume, increases, flizid will enter it from the chamber 308 thiotigh the conduits 313. The 
cross-sections of the latter will increase, which will have the effect of reducing the 
coefiSlcient of resistance on this side, thus compensating for its increase on^e ofhev side. 

This elastic behavior will result fiom most of the stresses exerted on the lateral wall 
of the chamber 309, 

Consequently, it is noted that during the patients movement, the implant essentially 
sustains the high-Samplitude or high-speed stresses. Bxxtit is the bone graft which will sustain 
20 the moderate static loads or loads resulting firom relatively slow movements. The result is a 

reduction in the risk of osteoporosis. 
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It will now be seea, in reference to Figs. 17a tiirough I7d» how thd difi^dntxal 
pressure between the high-pressure and low-pressure chambers, which is essential ibr 
retaining the shock-absorbing ohaFBCtaristics of the implant^ is regulated. These figures 
illustrate the pressure levels in the central low*pressurc chamber and the high pressure 
5 chambers as a function of time. 

It is assumed, in reference to Figs. 17a through 17d, that fhe patient successively 
bends to his right rapidly (Fig. 17a), or slowly (Fig. 1 7b), straightens himself (Fig. 1 7c), azid 
bends again, but to his left (Fig. 17d). The solid lines (HPD and BPD) relate to the right 
^1 implant, and the broken linos (HPG and BPO) relate to the left implant 

^1 X 0 During a rapid movement; a substantial pressure peak is observed which is positive 

3": on the beat side, and negative on the othor side, in both the high-pressure end low-pressure 

£\ chambers. The reason wfay this occurs in the high-pressure chambers will be explained 

L. below. In the low-pressuie chambers, it is due to the rigidity of the walls of the chambers 309 

and to the shock-absorbing e^ct of the condtiits 313, which slow the flow of fluid firom the 
% 15 chambers 309 to the chambers 308i 



The time t^ that it takes for the patient to bend to the right, dudng which the pressure 
levels vazy, then stabilize, can be seen in Figs. 17a and 1 7b. Tlie respective pressure levels 
were substantially equal before the movement, by reason of symmetry, but after the 
movement the pressxirc levels are obviously higher on the right than on the left. 

20 When the moveirient is rapid enough, there is a period ^iiiclud^^ during which 

the pressure in Ihe right low-pressure chamber 309 becomes higher than the pressure in the 
left high-pressure chamber 314. The anti-retam valve 3190 ttien opens and allows ^ 
passage of fluid from the right low-pressure chambers to the left high-pressure chamber. 
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Siznultaneoualy, the pressure coatrol valve 320Q allows a flow in the opposite direction so 

flff JprrVf nt tfaff i^^if^r^i*^ praggityw ht^tws^ thft high tmA low pregfiiirB from ftVri"^ing the 

set-point value. 

Thus, if need be for any reason, tixc dififerential prcssxire ptedeterxDined by the 
5 calibration value of the pressure control valve is reestablished. This can occur continuoxisly 
in the case of leaks &om the high-pressure cbambeors to tiie low«pxessure chambers^ or when 
tbe low-pressure chambers axe refilled by iiyection, or even when an adjustment is xnade to 
{f^creaff^ the differential pressure between the hi^ and low pressure. The device then 
fimetions like a pump controlled by the moverrmts of the patient. 

10 on the other httnA^ bendiog movement is slow^ as shown in Fig. 17b, the £luid 

has the Hm^ to flow £xmi the right low-pressure chambers 309 to 308 without causing 
excessively high pressure levels. The anti-retum valve 3 1 9G does not open. 



N When the patient straightens, the pressure levels change as shewn in Fig. 17c. Given 

that the pressure levels on the right side are initially higher than those on the left side« it is 
IS not very probable that during the period tj of the movement^ the prevailing low pressure in 

the left chamber 309 will become greater than &e prevailing high pressure in the right 
chamber 3 14. 

It is only when the patient bends quickly enough to the left, as represented in Fig. 
17d, which is symmetrical to the case in Fig. 17a, that the differential pressure between &e 
2 0 right high-^pressure chamber and the left low-pressure chamber reestablishes its set-point 
value. The period t« of the movement, and the period V during which &e left low pressure 
becomes greater than the right hlg^ pressure, are shown in ttiis figure. 
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It is understood that v/bBi has just been described atep-by-stcp in reference to Figs. 
17a through 17d achially occurs continuously when the patient is moving nortnaily, 
succesaively adopting various natural postures* Consequently, it is nuoted that this results in 
a continual biomechnnical adaptation of the implants to the stresses imposed on it by the 
patienL 



In light of the auto-refill principle explained in reference to.Figs. 1 7a through 1 7d, 
it znay be seen that the pressure points that are too acute will flatten out due to the &ot that 
^; the fhild is laminated as it flows into the anti-return valve. This produces an additional 

^: shock-absorbii^ effect when ^ cell is stressed suddenly enough ttat the low pressure 

J! lb surpasses the high pressure. Taidng into account the variability of the coefQcient of 

fU resistance as a function of the loads, as described above, this proves to be a device endowed 

SB. 

. with an advantageous capacity for salf-adjustxnent 

Another advantage of this mode of functioning resides in the ^t that a pxuctxeally 
continuous circulation of fluid occurs in the hydraulic circuit of the inqilant of the invention. 
15 This circulation avoids tl^ risk of collapse and thus limits the need for "i*»i n*^ n fln^^ 
operations. 

Another embodiment 322 of the implants 305 is seen in Figs. 18 through 22. 

The implant 322 is again embodied in the form of an alveolar structuxe made of 
elastomer contained in a shell composed of a lower half-shell 323 and an upper half shell 
20 324, 



U4 




Tlie alveolar Btructure of this ambodlmont is in ^ shape of a disk and famis tfaieo 
low-pressure chambers 325 in the fonn of sectors, distributed substantially eqxjally around 
the axis of the disk» at 120^ from one anotiier. The tirree chambers 32S connect thzotash a 
network of calibrated conduits 326, here disposed in two transverse layers. 

Three groups of high-pressure chambers 327, which communicate with one another 
by any ap pr opri ate t t^^^j are disposed betu/een the low-pressure chambers 325. The 
chambers 327 are flat in ahzpc, and each group has three of them* interposed between the 
layers of coxid\2its 326. The pressine in the high-pxessxoe chambers determines the cross^ 
section of the conduits 326 and thus their characteristics of viscosity. 

Fig. 22 shows that the low-pressure chambers are connected to the high-pressixr 
chambers by a set of anti-retum valves and pressure control valves. Each low-prcssuxe 
chamber 325 is connected to the high-pressure chamber 327 that is diametrically opposed 
to it by an anti-retum valve 328 which opens in the direction ftom the chamber 325 to the 
chamber 327. in parallel with a pressure control valve 329. 

In this case, there is no intersection, as in the embodiment of Figs. 14 and 15, and as 
symbolized in Fig. 17. of the connections between the low-pressure and high-pressuie 
chambers of two implants mounted in parallel. Moreover, there is only one type of low- 
pressure chamber. 

During an axial compression, the fluid contained in the conduits 326 is» due to the 
thickness of the walls of the latter, expelled to the chambers 325 with a viscous fluid 
behavior. The walls of these chambers are then forced toward the outside, giving the implant 
its elastic behavior. In this respect, tizis implant behaves IQce the one in the preceding 
embodiment. 
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On die other hand, this trnpiawt has a particular behavior zolative to non*axial loads. 
For example^ in the case of a load exerted from the left side of Pig- 22» the low-pressure 
chamber 325a will be compressed, wfaile ibc chambers 325b axxd 325c will be at low 
pressure. The wall of the chamber 32Sa will then expand, while part of the fluid cx>zxtam0d 
5 in this chamber will flow into die chambet? 325b and 325c through the conduits 325, further 
drawn by the prevailing low pressure in these chambers. 

When the movement is large enough and rapid .enoughi the outer wall of the low- 
pressure chamber 325a comes into contact with the shell. The elastie behavior of the implant 
Hi is then blocked, so that tfie pressure rises sharply in the low-pressure chamber 325a. This 

pcessuie can then becozne greater than the prevailing pressure in tto 
C 327a which faces it, engaging the process for regulating the di£ferential pressure described 

above in reference to the preceding embodiment 



An implant according to this second embodiment could therefore be used alone, 
while retaining the differential pressure regulation fbnction. 

15 Various implantations other than that represeiiced and described in reference to Fig. 

1 3 can be envisaged for the iinplants just described. 

Fig. 23 shows a bone graft 330 disposed between two vertebrae 33 1 . Two implants 
305 such as those in Figs. 14 and 15 have bceaplaced in the graft, syxxirnetncaUy relative to 
the median plane of the patient's body. The interconnections between the implants and the 
20 functional principles are the same as those described in reference to Figs. 14 throu^ 17i 



8478353652 



Fig« 24 show$ a siagl ixnplaot 332 as described in re&rence to Figs. 1 8 throtigh 22, 
implanted in a graft 333, which is itself disposed between two veztefarae 334. A sbltition of 
this tfp^ ensures good pcrfonnance wrth regard to lateral as well as frontal flexions. 

Aiticulated implants embodied according to the invention will now be described. 

Fig. 2S shows an implnnt, or intervertebral prosdieais 400 intmdcd to be disposed, 
as shown in Fig. 26, between two vertebrae 401, in place of an intervertebral disk. This 
implant must tiierefore allow certain nao vements between the vertebrae 40 1 , contrary to what 
occurs in the case of an arthrodesis. 

The inqilazxc 400 is generally formed by a shell comprising a bottom 402 and a cover 
403. The cover 403 rests on the bottom 402 as a result of two spherical surfaces with the 
same radius, the surface 404 of the bottom which faces upward and the surface 405 of the 
cover which fices downward. Thiis, the cover 403 can pivot relative to the bottom 402 
around three axes. 

The bottom 402 is hollow, so as to defoie a space 406 inside the implant The cover 
403 forms a projection 407 into this space, the end of which projection is connected to the 
bottom by three inner viscodastio ''ligaments'* 40S, which will now be described in reference 
to Fig. 27. 

Each ligament 408 comprises a rigid hollow body 409 wiilch is stibstazxtially 
cylindrical and has> at one of its ends, an opening to the axxibient air 410. This opening is 
sealed by an Ampulla, or elastic bellows 411. The bellows 41 1 is a cylinder closed at its end 
opposite the opening 410 by a bottom 412, and its lateral wall forms a helical fold 413 with 
a variable pitch which increases £com the opening 410 to the bottom 412« 
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HiBbody 409 aoddiebollova411 deliinit a chamber 414 eontaisiog a hydraulic fluid 
vvbich is suppUed ftom. and whose pressure can he regulated by, a conduit 41 5 and a valve 
416. 

At the other end of the body 409. the base 41 7 of this body supports m annular 
cylindrical chaabcr 418 whose inner wall 419 and outer waU 420 are also constitsinsd by 
bellows. The chamber 418 cootains a hydrauUc fluid which is suppUed from, and whose 
pressure is regulated by, a conduit 421 and a valve 422. 

Attfae ceatarof the annular chamber 4 18. the wall of another cylindrical chamber 423 
is formed by a bcUows 424, The chamber 423 connects to flie chamber 414 through a 
calibrated opening 425 cut into the base 417 of the body 409. The chamber 423 is therefore 
supplied and pressurized from the diamber 414. 

Tlxe end of the bellows 424 opposite the base 417 is sealed by a plata 426 which 
cazries a support piece 427 passing through an opening 428 of an end plate 429 of the annular 
chamber 418. The end plates 426 and 429 arc integral. 

3^5 Formed inside the chamber 423 is a chamber 430 mounted on the base 417 of the 

body 409 by means of posts 43 1 . One of these posts 43 1 is hollow and makes it possible to 
supply and to pressurise the chamber 430 with hydiaulic fluid from a conduit 432 and a 
valve 433. 

The wall of the chamber 430, beween the junction points of the posts 43 1 and the 
2 0 base 417, forms a bellows 434. The bottom of the ohamber 430, which faces the base 417 of 
the body 409, carries a needle 435 ^i«4iich penetrates into the calibrated opening 425. 
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The inipLaixt is aachored at thepT^^ and at the bottom 402 by its elexnenta 

409aiui427. 

It iff ftflfply iTn<j»gtQod ffaflt thfl lengtii of <fae ligament 408 is a functioQ ofihe pressure 
ia the omxulax chamber 418, vvbich dfltennines the elongation of tha bellows 419 and 420. 
This length can be adjusted by znaass of the valve 422. 

Moxeover, the coefScient of resistance of the ligament 408 is afunctlon of the fiee 
cross-section of the calibrated opening 425, and thus of the penetration depth of tho naedle 
435. This coefficient can be acUusted by means of the valve 433. 

Finally, wth regard to its elasticity, the bellows is comparable to a helical spring with 
a variable piteh which becomes increasingly steep as it is compressed and its spires 
progressively come into contact This bellows determines the elasticity of the lig a me nt 408 
since, when the latter is compiMsed, it clasdcally opposes the penetration of the hydraulic 
fluid into the chamber 414 through tho opening 425- The coefficient of elasticity can 
therefore be ar^usted by nxeans of tiie valve 416 by pre-compressing the bellows 41 1 to a 
greater or lesser degree. 

It Is noted that a structure similar to that of the ligament just described could be used 
in place of the device of Fig. 7, in order to render its various fixnctions adjustable. 

An alveolar structure 500 made of elastomer which coxild replace the three ligaments 
408 of Fig. 25 will now be described in reference to Figs. 28 through 31 . 

This structure is practically identical to that of the implant 322 of Figs- 18 through 
21 QPig. 28 has been schematized). It is noted, ho weveoTi that in this case the structure 500 haa 
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aa opooing 501 of triaxig^ar section fiarrecei^^ f (he cover* similar to the 

projection 4^7 and intended to fonn a pivot between tiie bottom and the cover of the 
prosthesis. 

The intcxGomxcodans between chambers are the same as in the case of the implant 

322, and fhe fttngtinnmg of the present prosthesis and tho implant are the same from the 
hydraulic standpoint 

The differences reside in the way in which the stresses axe applied. In this case, 
essentially transverse stresses ate applied to the low-isressure chamber 502 by the projection 
of the cover. 

Fig. 32 shows one possible implantaiion of the jxrostheses of Figs. 25 through 31. 

This figure shows the bottom 503 and the cover 504 of tlie prosthesis: The bottom 
503 is equipped with fittings 505 and the cover 504 with fittings 506 for their respective 
attachment to a lower vertebra 507 and an upper vertebra not represented. 

The various hydrauKo chambera are connected by conduits 508 to a set of 
subcutaneous control buttons 509> particularly push-buttons, disposed behind the vertebrae. 
Safety devices sic preferably provided in order to prevent ill-timed operation of the buttons. 
In a variant, iuUy hydraulic adjustment mft^iis could be provided, with a subcutaneous access 
site connected to the various dbambers by a slide valve. 

Figs. 33 and 34 show* in partial perspective and in cros»-section, respectively, an 
anti-return valve which can be used in the inveotion. 



This valve 10 conaposed of a ccnsduh 5 1 0 cox2^ 
511 connected to fbo low pressure. These conduits are coaxial^ and tha end of the low« 
pressure condxih SI 1 is engaged tosidetfacesd of ti^ of 
the conduit 511 iziside the conduit 510 is flat 

As lo23g as the highpTO&suie is greater than the low pressure, the end of the coz^duit 
511 xrmaixxs fist and the valvo remains dosed, thus prevc^^ ofaflowjSx>m 
tibe conduit 5 1 1 to Ae conduit 510. But when the low pressxne becomes higher than ^ high 
pressure, the end of the conduit 511 opens and fluid flows from the conduit 511 to the 
conduit 510. 

Fmally» Figa. 35 through 39 ilhistrate a coxofemoral prosthesis embodied according 
to the principles of the invention. 

This prosthesis is intended to be used after a fiacture of the neck of the femur and a 
resectLon of its upper past. It comprises apin 600, one end of which is intended to be afftifihffd 
to Ibff remaining part of the femur, and ahoUow sphere 601 whose wall iacludes an opezzing 
602 to allow it to be penetrated hy the other end of the pin 600. 

The upper end ofthfi pin 600, inside the sphere 601, is integral with a cylindrical liead 
603. The latter is capable of sliding and forming a piston in a drcular opening 604 of an 
intenul partition 605 of &e sphere. The axis of the head 603 and of the opening 604 passes 
substantially throu^ the other end of the feminr, at the level of the knee joint 

The partition 605> along widi the piston 603, delimits inside die sphere two chambers 
606 and 607, ^^^lich are respectively upper and lower chambers. The chambers 606 and 607 
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coaiaia viscoela£tic devices which datennme tiie ralative movement of ilw pin 600 and the 
sphere 601, as a function of the stresses ^lied. 

la one particularly siinple embodiiaent. these viscoelaatlc devices can be simply 
eon^dtutcd by an elastic foam vAick fill* the ehaabers 606 and 607. and a calibrated 
5 opening fcixn«lhxthe head 603. Tbefbaffleoaiains a hydrajJ^ 
is disposed at the level of the opening 602. 

U- HowBv«sr.tiie embodiment in Figs. 38 and 39 is preferred. 

In this case, the viscoelastic devices 608 arc embodied in a form practically identical 
to that of the structures 307 la the implants 305. The diflference resides in the fact that Ae 
1 0 structures 307 arc genoraUy of cylindrical shape, while the devices 608 have a shape -w^ich 
is generally hemispherical. But in a similar way, they are chiefly ccn^josed of a peripheral 
P low-pressutc chamba- 609 and a center low-pressure chamber 610. separated by a wall 611. 

fa 

^1 A.».»tat-V{fi K.presgtgB chambers 612 ibgned within the thickness of &e wall 61 1, are 

% interposed witti calibrated conduits 613 which connect the low-pressure chambers 609 and 

IS 610. The intersecting intexeoimections between diambera are embodied as above. 

When the prosthesis la stzessad, the head 603 compresses one of the devices 608, 
wMle dte other device is at low pressure. Evexytfaiog indicatrd relative to the fimctioning of 
the twin implants 305 remains valid in the present ease. 

It is noted that in this ease, when a device 608 is compressed, its line of tangency 
2 0 widi the inner surfece of tixe sphere moves closer to tiie partition 60S. The elastic outer wall 
suil^ce th en decreases, ^isluch has the ^Cbct of increasing the elastic rigidity of the device. 
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Tbs intorconnectioM betwcca chambers arc embodied as abawn in Fig. 39, by 
borinES 614 fomxfid in the head 603 and in the 

accntrol button box 615 (Pigs. 35 and36). Ttiabox is disposed suboutancously so as to be 
easily accessible, in order to allow the necessary adjnstmefits. 

The implant 700 of Fig, 40 generally comprises a vxscoelastio cell 701, for example 
like that in the implant 305 of Fig. 13 and the subsequent figures, or like the ligament 408 
of Fig. 27» as weU as a distance adjusting element 702, in this case for adjusting the height, 
and a rcffll ceU 703 . These dements are mechanicaUy disposed in series, m 
half-pins 704. 704' of the arthrodesis, which can belong to the two vertical members of a 
ftatne. The half-pins 704. 704* consequently si^port the pressure of the paiierrf s body, which 
is variable as a function of his posture. 

The adjusting clement 702 can be embodied as shown in Figs. 41 and 42. in the form 
of an e]q>aadable toric beOows, which can expand axially. Its central fiee space allows it to 
house a protuberance of the visooelastic cell 

In a variant, the adjusting element can be in the fomi of the disk-shaped bellows 702' 
ofFigs.43and44. 

The adjusting clement 702 (or 702*) can be connected by a conduit 705 to a tube 
valve 706 whidi can itself be connected to a pump 707. Thxis, it is possible to ac^ust the 
thickness of the ol^^* 702. It is therefore possible to adjust not only tiie total length of the 
prt)stfaesis, btrt also the angle fozmed between its upper part (the half-pins 704) and its lower 
part (the half-pins 704*) by means of a differential filling of two elements 702 of the 
prtssthesis. 



It la noted &at the valve 706 itself can be implanted, in which case It is acceaaed 
either by cutaneous inci^cni r by means of an access site, or external, the conduit 705 being 
tranacutaneous. 

In aoodier embodiment, xepresoEXted in Fig, 46, the filling of the adjiisting elements 
is c^zried out wi(h the aid of a high pressuzc reservoir 708. in this case dilatable, and a slide 
valve 709. In a similar way, the etoptying of these elemeats occurs into a low-pressure 
drainage collector 710» also dilatable, tfaxough another slide valve 71 1 (or in the same way, 
through a three-way valve). 

Moreover, a filling valve 712 makes it possible to fill the reservoir 7Qi, and a 
drainage valve 713 makfls it possible to en^jty die reservoir 71 0, The reservoirs 70S and 710 
are implanted and the valves 712 and 713 can be cxtemHl or implanted, as in the case of the 
valve 706, Generally^ howeveri they will be implanted, since their access should be fsr less 
frequent than that of the valve 706. 

Tbi^ refill cells 703, whose function will be described below, are entirely similar to 
the adjusting elements 702. However, they are connected to &e high-pressure f»riff low- 
pressure reservoirs 708 and 710 not by slide valves, but by anti-retum valves 714 and 714, 
respectively. Hie antz-retum valves 714 are connected fiom the calls 703 to the high-pressure 
reservoir 708, and the anti-retum valves 715 are connected from the low-pressure xesezvoir 
710 to the cells 703. 

The cells 703 serve as pumps &sr refilling the high-pressure reservoir 708, In effect, 
when tbo patient bends, for example to the right, the cell 703D is compressed. When the 
pressure in this cell surpasses the pressure in the reservoir 708, the anti-z^tum valve 714D 
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opexxs and fluid passes firom the cdUl 703 to the reservoir 708. Simultaiieouflly, the left cell 
703 G draws in fluid from the low-pressure refiarvoir 710. 

A pnsssuic control valve 716 prevents the high-pressure £roni es^ceediag a 
pzedetennined value. 

It is noted that if only axigularcoxtectiozxs ate desiied, the refill device can be greetly 
aixzaplified, and the refill cells in patticular can be rlimiTiHfft<1 In e£foct, in this case it sufiSoes 
to connect the adjusting elements by mrans of a slide valve. When the patient bends, for 
example to the right, die valve is opened so tiut fluid passes £rom right to left, then is closed 
again. When the patient straightens, the height of the left aide will be larger and that of the 
right side will be smaller. 

The viscoelastic cells have not been described in this embodiment It is simply noted 
thai in the case where they comprise high-pressure chambers, like for example the implants 
305 or the ligaments 408, these chambers can be connected to the high-pressure reservoir 708 
by a valve, for example a slide valve. Thus it is possible to easily rigidify the viscous 
behavior of these cells. Tlie low-pressure chambers of the viscoelastic cells, for their part, 
can also be connected to the low-pressure reservoir 710. 

Fig. 48 shows a possible implantation for the elements just described. Tlie coxmecting 
conduits generally have ihc xe&rence number 7 1 7. It is noted that all tbese elements can have 
very yyn ^ H dimensions, and the hydraulic volumes can be very low. 

20 The physical characteristics of the implants just desciibad can be modified 

postoperatively by any means, including entiiely QDn<-invasive means, whether in terms of 
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their visooelastic properties, thoir dim^ 
their aiiti>rotalloz»l resistance. 

By way of eacample. Pig. 49 illustrates aa electronic control circuit for an implant of 
^ type representad in Fig. 47. 

ms circuit is embodied in two parts, an extiacotporeal part 720 and an implanted 
part 72 1 . Tliesc two parts are in contact means o f two aot=^ 

The circuit part 720 comprises a power supply 724, a remote control device 725, a 
detection and amplificaJiDn module 726. and a monitor 727. The remote control device 725 
controls a radio fiequcncy multiplexer 72« connected to the antenna 722. 

•Die circuit part 721 also compriises a radio fiequeocy multiplexer 729 connected to 
the antenna 723. tho multiplexer 729 is connected to a radio ficquency/D.C. voltage 
converter 730 which supplies electric power to the other modules of the circuit part 721, 
namely a radio ftcquency oflciflator 73 1 and sensors 732. as weU as actuators 733. 

In the case of Figs. 40 and 47, the sensors 732 can be, in particular, pressure sensors 
in the distance control elements 702. and possibly in the chambers of the viseoelastic eeUs 
701. The actuators can comprise electricaUy operated valves sueh as the slide valves 709 and 
711. More particularly, the pressure sensors can comprise, for each side of the patient, one 
sensor for each low-pressure chamber and one sensor for the high-pressure chamber. 
Pressure sensors can also be provided on the means for attaching the implants, such as 
screws or hooks, as well as on die bone, possibly bridged. 
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When ibe doctor wishes to know and possibiy to adjust the pressure in the elements 
702, &r example, he operates the remote control device 72S. The antenna 722, placed in 
proximity to the antenna 723, emits a code that is detected and used by the iniplanted part 
72L Moreover, the radio frequency is tranrformcd into a supply voltage for tile sensors 
732, die oscillator 73 1 , and the multiplexer 729. The implanted pact then in turn emits a code 
containine the pressure infozxnation, wtiich is detected and displayed on the monitor 727. The 
fi4justmcnt of the elements 702 by means of the electrically-controlled valves 733 occurs in 
the same way. 

It is noted thai thanks to the invention^ it is possible to perform a detailed 
examination of the behavior of the implants. For example, in die case of a vertebral implant, 
it is possible to nieasure its frequency resi^^ 

sit on a seat equipped with means fi)r moving in any direction desired, and by recording the 
response of the pressure sensors. The ac^ustment of the various stationary pressure levels can 
thus be determined with great precision. 

It is noted that an implant according to the invention can include analgesic 
nciirostimulating means of a known type, as well as a programmable medication d^vcry 
pump. 

Generally, for all of the implants described above xvhich do not have remote connrol 
by means of radio frequencies or the like, devices are provided which are accessible either 
directly, as in the case of subcutaneous buttons, or by meau of a bonign intetrvention. The 
means for adjusting by remote control without physical contact can be rotary valves of the 
'^sluice" type which are multidirectional, whose rotation is iixduced by an external rotating 
magnetic field. A spiral spring re-establishes the equilibrium in the closed position. It is 
advantageous to be able to caxry out the desired adjtistments relatively often, either in a 



Fax en is par : 8478953652 




W 



o 
o 



plaimfid W, for example in oider to progressively reduce the coefficieat of rcsist^cc « a 
graft consolidates, or as necessaiy, for example in order to reUeve paiji. 

Likewise all of the above-mentioned implants can be provided with improvements 
wHch have only been described in inference to certain embodiments. TTa. i3 the ca^ for 
example with the dimensional adaptation provided in the impbnts of Figs. 14 and 27. A 
di^sition of this typo is paxticularly useful in any implant intended for a child who is stUl 

growing, o r an elderly person whose srge is graduaUy decreasing. 

^^^^^ j^di^id^^l i^pi^ts, a nght-hand one and a left- 
hand one geWlly designated by T and comprising a lower end rod T and an 
"d rodTbctwcen which there is inten^sed a defonnable hydraulic c^n^nt 
n ilh has bl Shown in the form of a cyUnder/piston asse:„bly. b. wh.h^^^ 
.eaUty would instL be in the form of a metal bellows so as to prevent .he e^ape 
of hydrauUc liquid V^-^i-ly' this deformable elcn>em can be of the telescopic 
t^ :TL o...l. deformable type, for example a cyl^drical ceU wtuch . 
^ic longitudinaUylt not transversely. The rods T and 3 are gu.ded u.^ 
continuation of one anolcr so as to n.ove along the san.e vertical axis and to take 
Td" tanced or Cose Isitions as a function of the extent ol fillmg of the 
Zfolble elen^nt 4'. Xwer and upper ends T, 3' have ^^J^^ 
6' in the form of articulatio\. Extending paraUel to the element 1 there a ngid 
joining rod 7'wMch tenn.nal in lower 8' and upper .9' attachment means m the 



form of articulations, 
element \\ but it could 
element, although this is 
lower pedicle screw 10' and 
fixed in the corresponding 
screws 10\ 11' is received in the 
permitting an angular clearance at 1 
and the joining element T. If appropriate. 



r extends essentiaUy parallel to the individual 
inclined, and can be made integral with this 
■ement. Connected to each element V there is a 
.cdicle screw 1 1 ' whose threaded parts arc 
dicles. The posterior end of the pedicle 
and 6' in the manner of an articulation 
plane constituted by the element V 
icuiation can have a supplementary 



ana me joining cicuiciu. / . ^i^i^w^ , 

degree of freedom or can be of sphcricaKshape giving a degree of freedom m 
rotation in all directions. \ , , . ^ 

• In an intermediate position, the scr\ws 1 OM 1' are fixed and articulated 
respectively on the ends 8' and 9' of the joinW element T by articulations also 
permitting an angular clearance in the common p V«» ^-^P^*^ *^ ^^ittal plane, 
of the element 1' and of its joining element 7'. 
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Thfc two defonnablo elements 4' of the pair of individual implants 
which form the WpJex implant shown in the drawing are connected via a line 12' 
on which there is pranged a hydraulic circuit element 13'. shown in the example in 
the form of a slide valve. 

The configuration shown in Figure 51 penniis antisymmetrical rotation 
movements of the pedicRt screws. 

It is assumed W the pedicle screws have been screwed in the angular 
positions shown on the dra^g. that the hydraulic circuits and the elements 4' are 
entirely filled with hydraulic liimid and that the valve 13' is in the closed position. In 
such a situation, the pedicle sc)tws are blocked in their angular position shown on 
the drawing. In this position, tht internal volume of the left-hand element 4' is 
smaUer than that of the right-hand\lcmcnt 4', which corresponds to a more closed 
angle. If the valve is now opened. ilW^ appreciated that the pedicle screws are 
going to be able to pivot about the cel^re\)f articulalion of the points 8' and 9' at 
the end of the joining rod. as a function\f tHfe increase or reduction in the length of 
the corresponding element 1', itself dictaW \ the volume of liquid present in the 
associated deformable element 4'. Given tke 
deformable elements 4", it will also be apprV 
of liquid of one of the elements is compel 
volume of the other in such a way that the 
direction on one of the elements is translated 



mmunication 12' between the two 
|ted that any variation in the volume 
led toy an inverse variation in the 
tyioE of the pedicle screws in one 
rotation of the pedicle screws in 



the other direction and having essentially the sanib ab^lute angular value. 

This property can be made use of in^W^ous appUcalions de.scribed in 
the abovcincmioned KP and US applications. 

If the hydrauUc circuit element 13' is a viscrfelastic regulating element 
which considerably brakes the passage of liquid, or prohibL this in the event of an 
abrupt angular movement of the pedicle screws, the vertebtae can be left free to 
pivot relative to one another in the frontal plane of the spineVvhcn the movements 
are slow, and, by conirasi, the screws can be immobiliz^ or their rotation 
considerably braked when the movements have a tendency to b\ rapid. In this way 
it 'is possible to obtain a damping effect in rotation while at the sari^c time permitting 
a freedom of rotation for .slow movements. 
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being followed v.,hgiv«„ angle, of pedicle sc«v. .o 

.mpl^^cd 'h^^- J^,^ ^ ^^uuneou. magnetic comnund .r> 
iratiate an external coWtand, 'or e ^ correction of a 

orier to n>odify the ^le and thereby to effect m small stag 
vertebral defonnation_\ ^^^^^^ ^ „ , 

TTLCrrin such a way as to pcrtnancntly stress the 
constant pressure in *e IWlows * " 

skeletal parts whose poWoiNf to be corrected. ^^^^^ 
Of course bVusUdilletenl hydraulic circuits. It. spossio 
Of course b, m has been cxplamed m the 

the two emotions whicS^haW, been aesctit*. ■ 

Of course, ac ^ i^epcndent element and to 

indh^dual itnplant vnth its J^^^Tj interconnection ir , in order to 

eontrol each °f '^^^^^Wcation of length and thus of angulation, 
ensvire some or aU of me tunctioi^ w mv. 

3SweU«« ^'i-'^^/™''^ \\ Ltot element is also combined wUh a 
,„ a preferred ■^""X^'l ^ ^ ^fo^k element 4" with high- 
device with which it is ^-*'=jf ¥, a det^ie bellows fiinetioning. for 
pressure liquid, if this is neeejo-. ^^^^ "TTh., been described by the 
example, as a pump ^"'"^"^ '"'^ V ^ „f ,„„ individual im^^^ 
^vementioned application. ^" T'",^^^,^ means can be 

forming a complex i.npla.«, «> shown, this ...pply aiul d,.c«a« 

common to both implants. V., to that in Claim I. but in 

Figure 52 show., a complex unpU .™1^J ^^^^ ^.^^ 

which *= joining tods r are articulated at \<'^^ irtermediate 

...wa While the ^:n:r:!orrelative to ,h^^ 

position, this giving an inversion of the movement 

^ .igure 51. and additionally moves the c«itA^of rota^on of each pedicle screw 

rearwards. 
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Figure\i3 shows a complex implant which Ls identical, for the individual 
implants to thatWiown in Figure 2. By contrast, the joining element 1\ which 
was a single rigid ro\l» has been replaced by a joining element 14' formed in tlic 
manner of an individual implant and thus comprising two ends 15*, 16' which are 
capable of moving longitudinally relative to one another with interposition of a 
dcformablc hydraulic clement 17\ by wiiich means it is possible to have a joining 
element whose length cany be modified if necessary or which can itself have a 
damping effect analogous to\that of the actual implant 1 if this function is present. 

Preferably, the two elements IT of the two individual implants shown 
are connected via a channel 18*\with interposition of a hydraulic circuit element 19'. 

The desired fiinctian^will then be determined by the nature and control 
of the hydraulic regulating elemcWs 13' and 19' and it will be appreciated that in 
such a design it is possible, if ko oAired, to make the iniplant element 1' and its 
joining element 14' interchangeableXAd thus to fix the centre of rotation of the 
pedicle screw either at the end 5'\(or S'Aor at the end 8' (or 9') or even at another 
point between these articulations. \ \ \ 

Figure 54 is a diagrammatic febresentation of a practical embodiment of 
the device in Figure 53 (on which tae lin^^and^hc hydraulic circuit elements I3\ 
17* are not shown). The individual iiffiplanYshowta includes a hydraulic bellows 4' 
bearing on its upper fiice a componentVwith armVorming the rod 3*, on its lower 
fiice a plate with an arm 2' forming the%)werVod, the said rods having articulations 
5' and 6' for the pedicle screws 10', The element 14* includes a hydraulic 
bellows 17' whose lower plate bears an strm IS'Xand the upper end an arm 16\ the 
said arms bearing, at their free end, the amculatiDnsiS', 9' receiving the posterior 
ends of the screws .10', 11'. If appropriate, Tone arm/oFthe clement 1 * and another 
aim of the element 14' can be mechanically s^z^W or, by contrast, all these 
elements can be left independent, the link then being\made only by the screws 10% 

ir. \ 

Thus, it is possible to arrange the bellows spatially one below the 
other and to form an implant according to the invention with a greatly reduced size. 

In Figure 55, now, a device ha-s been shown which is analogous to that 
in Figure 1 , the^only diflFerencc being that one of the deformable devices or bellows 
4' has been replaced by a deformable device 20', which lurthermore can also be 
made in the form of a bellows and in which the points of attacliment of the lower 2' 
and upper 3' arms have been inverted, in such a way that an\ increase in the volume 
of the device 20' entails, in contrast to the increase in volume of the device 4\ a 
shortening of the implant element instead of a lengthening. V 
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ItVs thus possible, by virtue of the interconnection via the line W and 

the elen^ntV', to obtai. synnnetrical --^"^^^^r^:! 
antisynunetricalWtion n«ven»nts. In other words, the rotauons of the screws 

screws of the left-l5nd element, and of the same direction. 

It is thXossiblc to Obtain movements of flexion or extension of the 

spine this time in the sLttal plane. ' ^ either to provoke a 

As in the other cases, this can be made use or enner uj y 

lordosis effect or vice vei dependmg on the desired aim, for exan«,le by acting in 

^es from an external or to achieve a perfectly symmetrica^ dampmg 

case of spontX; movement of rotation « 

else to achieve the two fiinctiL simultaneously by v^ue of more --P^ "^^^^ 
Figure 56 shows aVonfiguration according to Figure 55, but m which 

, -7' . »r™n\cd as in Figure 2, in such a way that the centre of 

the ioining elements 7 are arranged, ai. m riguic ^, 

t u A - cor^w<i isfenced at the ends of the screws. 

spine. for^Ulc indivSuielW -ordrng to F.g»« 2 on the left, 

being understood that in this case 
will at all times be the inverse of tho' 
absolute value. 

Figure 57 shows a comp' 
relations in the sagittal plane, as indicate 
7* of each of the individual implants b 
are themselves of variable length, the one 
shown in Figure 53, while the joining ele 
action in the area of the beUows. In oth^ 



jlar variations of the right-hand screws 
Je left-hand screws, but of more different 



n' 



30 



35 



It which also permits symmetrical 
e 56, but in which the joining rod 
:n replaced by joining elements which 
(ft being a joining element 14' as 
;nt\on/the right also has an inversion of 
is, an arrangement is obtained in 
action in the area of tne oeuow. ^ ""^X ' symmetrical in the sagittal 
which the movements of rotation on left and r#it are symmetn 

Figure 58 is a diagrammatic repLntation of an em^dim^ 
, X.- u if he sedn that, by inverting the bellow 

analogous to Figure 54. but m which rt wOl ^^J^^ J^e opposite direction 
ends on which the arms are fixed, a movement is obt^ned m the oppo 

to that in Figure 54. ^ X j^^^ 

Referring to Hgure :>v, wu» y .^^^oi' ^7' which 

of Which .he left-hand «' includes "1 -^^^^'^tntf a 

2 able .0 nK>ve in the eo«in«.ion of one 
defonnableel^nen. 23- analogous .oAedcfonnablee^W 4 

° ^ ii- n- have fixation holes enabli% anchonng means, ror 

Z:.Z^JL : he'^ute. in contest .0 I - - 
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preceding figures, \hese fixation means at th^ ends 24', 25' do not necessarily 
permit a pivoting oXthc pedicle screws, such as the screws 10' and 11'. and by 
contrast they can be Vormed by bores or eyelets which permit rigid connection 
without any possibility ^ pivoting of the screw relative to its corresponding end 24' 

5 or 25*. \ . ^ • ♦w. 

The right-hand implant 26'also has two end pieces arranged in the 

continuation of one anoth«Wly 27' and 28'. of which the ends 29' and 30' are 

analogous to the ends 24' arid 25' so as to receive the pedicle screws without any 

possibility of movement of t4 screw relative to the end which bears .t. The end 

10 piece 27' has, starting from the\nd 29% a part in the form of an elongate threaded 

rod which terminates in the moVable part of a defoxmable hydraulic element 32 

analogous to the element 23' oXtllhe element 4'. It will thus be appreciated that rf 

the deformable element 32' and provokes a relative movement, for 

example of spacing apart or dUcW between the pieces 27' and 28 the 

ZL.m of the piece 27' relativltAti^ piece 28' will provoke the rotation of t^ 

piece 27' on account of the feet t\at\ts\threaded rod nK>ves m the fixed mit 31 . 

L result of this is that the enA 2^ W driven relative to the end 30 in a 

displacement movement simultaneouWM translation and rotation. Co-equently. 

the end of the pedicle screw (not by the piec. 29' of the movab^ 

piece 27' will describe a helical mov^tlhos\axis is formed by the ahgnment of 

the pieces 27' and 28'. i IV \ 

If the two elements 20' ai^p^ are c 
by a valve 13' in a line 12'. it will be ^rd^^tW 
in the volume of the movable element 23 
25 volume of the movable element 32' and, thus)te^ 
the implants 20' and 26', with, in addition, the 

Reference is now made to Figure 60.\n ibis figure, the elexr^nt 20' is 
identical to that in Figure 59. Like th, implant 26% W other implant 33' has an end 
30 T^t' terminating in an end 30' which permitsle -^^^'^^^/^^ 

3U piece element 33' includes a second end piece 34 With 

anchoring screw. By contrast, the element moi ^ 

its end 35' for receiving and blocking the anchoring Wews, tbs piece 34 bemg 

: r^^ted to the element 28' in such a way as to ^^^^ ^ -^^^-^ ^ 

tu» r>\^fj' 34' Tha movable part 3o oi me 
free in rotation about the axis of pie piece 34 , i na mu ow ^ 

35 IIZ^ =l-=n. 39- has a piece in fcnn of. ^ nu. 37- <*-^ ^ 

Laded par. 38- of .he piece 34- p^ I. will *us beW^ed *a, when *e 

^nrJc element 39' defers. ».vcmen« of ,hi n^vable p.ec 36 

^toke a roution of *e end piece 34' abou. ^ axi^\ but w.*out ttanslauon 



20 



aected as is shown in the figure, 
t, as in Figure 51, the reduction 
slate into an increase in the 
, opposed axial displacements of 
nt of rotation of the piece 
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^ » A end pie« 28', in sud» a way tto <h. end 35' tarns »iUK.u. 
displwamemiiApiBlMion relative to tho end 30'. „.u„ ,v » 

In Acmbodiment al«.wn in Figure 60. by virtue of the valve 13 . a 
^ionintl^Xeof the defonuable elen^ut 20' .T»slate in., an^se 
.^.ion in the voll of the defonnabie elen^ 39-. in s»h ^ 
1 no of the inent 20' translates into a rotation of the end 35 in one 

35-in.i^o^sUe^^V _ ^ 

example in the case r«l 59. in order to provoke idenu;cal lengthening of the 
elements 20' and 26' vAite during the rotation ot the piece 27 . 

Referring to fC%61 and 62. embodiments of the implant 26 ,n 

I^d"hape the fol o\\dolphin.s snout and have transverse passage 
Z^L enr29. and 3o\3nd\Ln.tting the fixation of a pediele scr^^^ 

^^^^ . T« AoVre the Tjortion forming the nut 31 ts borne 

entirelv traditional manner. In this ngwo, tne pomu" * 

r^Ur p^ 2r. This ^ :„rr^r^° .rt: 

ngidly supported by *e •*fVffc/^*,j; ^tr^vetothepieee 
displacement ofthis rod provokes iherS^atjon of inep .,,„„, 4,. „Mch 

^ Tie threaded rod 40', as wiU A se4 inW 62, passes mto a pot 41 wWh 
^r^L in a leakdght matmer iXC\hy^c beUo»s 32' ^mg as mo vaWc 
"l^t a.^ *e rod 40- can turn jWyA^n. iu axis while beu« re«un«l 
a -uring ring 4r . iLuV^n irom this that it " '^^^ 
iDsiw J ^i„„„otA«resLiMed shape particularty appropriate 

to give the overall iniplant an elongate>^eaMi|ea i 

for good cohabitation with the surroundif^tis^el 53' 

^jOTgoyu ^ A-; ihifi showsVm embodiment of an implant 33 

^■^-^ Referrine to Figure 63, inis snowswut ^lxi^ . . , , 

wording .0 Figure « ^ ^ turn, while being 
arn« 43- endmg m a bearing 44 ™^ L 46' which is integral with the 

retained axial^ by a secumg nng 45 --^-^ T, ^ ft<,a in a leaktigh. 

piece 28- and is capable of turmng .ns.de a nut 47 W a pot ^fl) be 

Lnneronthemetalbel.ws49-at^e«V-^ 
appreciated that any movement of the beUows provokes 

nut 47'. which provokes a rotation without axial moveWnt of the p^ee 28 relat 

""""'"'we now describe the use of a double ullant for the correction of 
• • T n^nt having an angle of scoliosis al \etween the two scoliotic 
scohosis in a paUent having an ang . traditional means to 

vertebral stages. During the operation, the surgeon em^oy ^ 
establish a preliminary correction bringing the -^^-^^Xf Ae^^^ 
al He then places the two individual implants on either sidJ^of the vertebral colunm 
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between the V vertebral stages in question, with the valve 13' open, wWch 
pcnnits the sh^^g of one of the individual ixnplanis and the compensatmg 
elongation oi A>^^ ^^^'^"^ ^P^^'' and he fixes the elements vath the 
aid of their pedicl Lrews. It then suffices to re-close the valve 13' so thatthe Jwo 
individual inq^lantsXare blocked in their position without any possitebty of 
nK,vement and they Lntain the scoliotic part of the vertebral column m the angle 
32. From this moment Wds. aU the loads are borne by the prosthesas constituted 

by the double implant. \ 

After a reasonable postoperative period during which the stresses are 
supported essentially ^ prosthesis, the neutral point of the vertebral column 
wffladapt by virtue of theVrgani-tion of the skeletal and paravertebral tissues, 
and this will reduce the loa^the prosthesis in the standing position. It ^s possible 
cither to estimate this reduLlr^^ load or to provide the prosthesis with pressure 
sensors which can be inteL\aU preferably, noninvasively. as ^^^^y 
knowB, and ^^ch will indAal tLt the vertebral column has reached a state of 

equihbnum.^ vjJi then be made by asking the patient to bend 

sideways to reduce the valueWJ^^ a of scoUosis to a value a2 < al after 
openinTthe valve 13% which r^S theVo implants movable. Once this ^le a2 
b^^n obtained, the valve isUs^ aga^n so that the two implants mamtain tlus 
new position and prevent the re& grUr angle of scoUosis ^.^'-^^^ 
Z p^sthesis causes the patientW Isation of an obstacle which wiU gradually 
disappear until such time as a newVluihirym IS found. 

By means of a succe^ion o^these manoeuvres, it is thus possible to 
reduce or even eliminate the angle>^\sis and to remove ^^^^f , 

It will be appreciated, that the ^ principles can be used for gradual^ 
, ^ ■ i^,x<^=;o iw iiQind tJM-s of implants which are arranged, 
re-establishing kyphosis or lordosis by usmfl pairs oi unpuui 

for example, in accordance with the figures. \ ^ , u 

examp p„leses as in Figure 9, for example, it 

would be possible to gradually reduce kyphoscoliosis. ... ^„„^ 

jfi^ ^ .ii u >y . . a U m JJ r^^^-p nn u n u f u. jilii-.t .n j^r rfinn4 

embodiment of the invention. 



This implant 1' includes two end p 
dolphin's head, having at their outermost 

which it is possible to engagepe; " * 
area of the holes53:;>^*r5Cit«nath^ely, 
as to peijnit-aii'j^ticulation of the heax 

uud the aorew ' 



shape of a 
^Teyelets 53' and 54' through 
leads can be fixed rigidty in the 
;an be arranged in such a way 
[e screw and thus an angular 
i faioh it - btiora. ■ 
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,a^,ged ^ c^. i U i o h : u u.. l i ii ^1 ' ar^ a ST Oi lil Li t hi r f l pi .-. 

,vable relative to the two ends. The piece 55' has a stirrup shapc/of 
Which one ox uie branches 56' supports a metal beUows 57' in a kaktight ma^faer. 
the free end of\hich beUows is fixed in a Icaktight manner against a p^e 58 
v^ich is able toll^ relative to the stirrup 55' and bears, in the mm^er of a 
journal, by virtue o^a securing ring, but axially nonmovable relative t/the ptece 
58' a threaded rod 5^ which passes through a complementary tapp^ hole of the 
second branch 60' of W piece 55'. It will thus be appreciat^at when the 
dcfbrmable element confuted by the ^Uows 57' deforms., the p— ax^ 
displacement of the rod 5i\integral with the upper end 3' ent^s the ro^n of 
^'rod ^ the fixed nut ^ in the branch 60'. and consec^.tly a s-^us 
^vement of translation W>Ltion of the end piece 52' r^ve to the p.e^ 60_ 
Arranged ins^e thXui piece 51' there is a/aktigbt cavity 61 wh^ch 
. w.ah nressurelhambkand in which ther/ is a bellows 62' which is 

^T^e., being suSfotXle O^Z^r^s ,pon,.^u* to deploy 
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:s via a nondefbrmable conduit 63' 
faV of a high-pressure valve 64' lodged 
sMe of soft iron 65' which is normally 
off the passage towards the bellows 
ler \;ore 65* is brought into a position 



the chamber 61'. The chamber 6V coi 
with the inside of the metal beUow^57'\ 
in the branch 56', this valve having ^ubi 
held back by a spring in the positior^si 

57'. It wUl be appreciated that when tWsplt-^- . ^u,„w 6V 

of opening counter to the valve sp/ng, \quid\t high pressure m the chamber 61 
ot opening co „J| enter\he beVows 57', the high pressure m the 

will run along the conduit 63 vSd enter me oeuow:, , e. k^,,„^« 
. J iZthe concXitaAtWormation of the sealed beUowb 

chamber 61' bemg mamtamed the «>°^°_^T ^g, .awards the 

62'. This inflow of liquid p/vokes the dis^em^t of he pi«:ej 
branch 60' and, conseqiX, the distraction and^otation of the end p.cce 
relalive to the central piece 55'. > „.„ „f • low- 

■rae insidZf the beUows ST also cottAumcates, by way of a low 
sesame valve 66' Xped with a plunger core idenri,k to the cote 65' «tt«ed .n 
L'^T^T^utne 67- .urroundtag the vis pieces conta-ned ^ 
Z d— Xnneabie sU=eve 6.-. at the t»o ej^f wHch the ends of th. 
,r»/52' emerge this volume 67' fbnning the Wpresson: volume. It 

::::pr^r:^-vaive«.ope„ed..,uidi.«a^^^^^ 

retraction or compression of the beiiows 3 / wi" <* 
tr hirh u nf ir ^"^^nrtrr mbfltantio ii y mimiici 
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. .K. J i_i_^LLii i t lm D i ocoj 5 r m ul Jj ' V > T inn th n p irn ii ''"^ '^ ' ^^ 

. ^ , V which iflNntorp°° ° ^ botw <seH-mc piecea jx mm jj . >f ^ 

U:^^ ^ / ^Je7wS from each other, this beUows 69' expands and aspures hqmd fronp^lhe 

pieces 51' anLs' close together, the high pressure generated m ^^^^ 
5 causes liquid atVry high pressure to enter the high-pressure chai^r 61 by way 

of a nonreturn valw 7 1' • y i_ ^ 

It is nlneccssary for the deformation of the hAws 69' to be of a 
great amplitude; on Se conttary. U is preferable for thcg^ between ^ piece 51' 
L the piece 56' to^small and for the course of;.^illation between pxeces 
51' and 55' to be lixnitA a makipUcity of osciU^ns, for exan^le, as the subject 
v^alks or changes posO^his^^^ body s^gJ^ing to generate the high pressure 
permitting supply to tbeVhafffliier 61". , aa» ar,H AA» in 

In such an eAboi^nt, a^ng as neither of the valves 64 and 66 is 
open, the two pieces ^V^i^roos. relative to one another only by a very 
In distance, and this thX^ the two skeletal elen^ts to 
are anchored, for example tXe^ are maintained in the ^"^^^^^^"^ 

^ ^ ^JcaiKeven be used to obtam a certain viscous 

I between the pieces 51' and 55*. 
alMiaving arranged the high-pressure and 
o\the beUows 67', one or other of these 



10 



15 



20 



device for establishing bi^ pre 
damping of the smalJ/<Hsplacemen^ 

It wijl^'also be appreciked 
low-pressureX^es 64', 66' on eith^- si 



^choice, for example by means of a 
,ne of the valves in order to attract 
Ithe left of the drawing and to open 
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valves cds/cds&n be actuated, accori^ing 
strong/^nagnet placed on the skin in 
the^omagnetic plunger such as 65' td^van 

„„mofcou,«be»pp.=cia,:i A it would b. possibte «. fonn an 
tapUnt analogous to thM whicb has jus. bee/ de W but arranged ^. to 
revoke rotatL betw^n ^ two e»l ^ W a ~ 

or cotnpression. It would also be possible to fcrm aAtoplaB soch as that m F^ure 
of the structural ananget^s b, Figur\.4 so as to 6>nn an unplant 

'^'^'^C^ "i* an bnpunt of this , AoWn. rod analogous to 
rods r Ld byZln. at .be ends Of tbe plcce^^l' aM 5^' — ° 
• . „ „f .h, nedicle screws relatWe to the said ends, tt B 
bearings pemutting a pnrotmg of Uie peaicie screws 
Jso nossible to tbnn implants according to Figures 51. 52, oV 55, or 56, 

JTthe caseTbcre use is made of a large nun^erWr"^ "^^t 
to the inventiot. a^anged along the vertebral column ^-'^Y^'^^ZZ 
spine it is also possible u, provide a single high-pressurc resen^,r and a s^e low 
reservoir as wdl as a single defermaU. eleme« \ estabbstang h.^ 
reservoir assen^ly being arranged away fiom .bivanous ,ndrv«.ual 
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^v^- connected to each of these by a low-pressure conduit and a 
implants and\bemg connected lo eat, v-vina anv hydraulic 

in a^t^ k»wn per sc. by a sn^ pOC valve which . 
be .onuolled. m ^T^^J^ ..^ taenia. Ae pilot valve addre^mg 

eas^r '^^^"^^'^^^ valve in order to open the latter, and the 
a control pressu« to *e ¥^ » „f ^ valve. 

^^'-'-Tt'^^riS^^ -^^^^ .„ ^ ^ „ of 

It Will a^ oe providing traditional abutment means 

one of the ends -'--veU ^J^cc if the travel of the defonnable 

between the two T'^S^,^ , desired amplitude. Thus, this provides 

an element of safety m the ^"^^ .^.^^ exan„le escape of 

prevents it from exactly mainNainnig ^ ^earea po 

r ^ l^r^'ZhKl 1^ a ;*ion of desired spacing 

- ^ temporary removahle 'Tit .1. V^ccn ren»ve, once he ha. fitted 

20 l^tween ^ two '^^^T JaLhorin, „«ans at the enda of tiw 
the implant and fixed the pedicle screwi. w\ \ 

^P^*" . r«i A t\ a thbrapeutic surgical procedure for 

The mvent^n ^^^^ X 
n.aifyingthepositionoftwoport.0^^^^^^ ^^^^^ 

25 vertebrae, in which procedure at l^^^lT ^i^^^ng means to one of the 
invention is fitted, one of the ends xs ^ ^ is fixed by an anchoring 

portions or elements of the skeleton, T on. if appropriate after having 

.eans to the other portion or ^^-^-^^^^^^ -° ^^^^"^ 

carried out a preliminary correcuon ^J^^^^T^^ ,eft to heal, then, 

30 or elements, the approach route and the ^^'^^'^^ displacement or force is 
preferably by noninvasive cor^ol means, ^ -"j^^^^ ,,,,, ^^^nt, or 
produced causing corresponding stressing of the twoW^ P 

the anchoring means, relative to \ ^ ^^^^s body and, 

35 in this case, the displacement .s penmtted y P di^i^„«nt has been 

element, for example a hydraulic bellows, \ 3aid 

completed. aU subsequent displacements are prohibited y 
deformable element. 
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I„ kpote en4»<iimcnt, to order to provoke the displacnent, a 
deto^tion ofl movable e>e„e„t is temporarily provoked W ^ ^^^ 
with which it is V^ible to obtai- the desired d,spUoement, ^ whtch *e 

„v=„^nt of the deWrnmblc elen>ent is once again blocked and prevented. 
" n a ttlmbodimen, by contrast, the movable elen«nt is ailowed to 

exert a permanent ioL P«f«'*'>' ""^'^ 

h^^nC^ ends ^ thus the two portions or clet^ts of the sketeton wrth 
T^ZTy Of fbrec X U insulTtcient . provoke an abrupt '^^^ 
dimension «Kl an .t,ai\n the tissue opposing thts dm«ns,onal var,«.on. but 

rr. su.ei.t . 

deformation and an ada^atAtKot the various tii^ues 

position is reaped ^^J^^ ^^^^^ ^^^^^ „ 

kyphoscoUosis^^.^ , isLrtUeiw- - ^""'^ " "'^ 
implant according to the inveVtionJ 
daN to 25 or 30 daN. 

The device can adv 
limiting or regulating the force 
available on the market 

It has been seen that t 
which, from outside the body, can 
a valve slide, counter to a spring or 
back to its initial position once the m&g ^ 
It is also possible to use an e: 



force 



can advantageously be from a few 



usly 



exe: 



include force or pressure sensors for 
;ed. Such miniaturized sensors are 



linvasv 



.el2 



ite 



rc control means can be magnets 
_. act a ferromagnetic mass, such as 
icZtum means which brings the mass 
been removed. 

,1 device which creates a magnetic or 



electromagnetic rotary field which, msidc t^ 
example a rotary sUde of a valve. 



body, turns a rotary piece, for 



This application is based upon the French PatentUppIications No. 96 09157, filed 
on July 22 1996, and No. 98 05549, filed on April 30\ 1998, the disclosures of which 
are hereby incorporated by reference thereto in their Y-^eties and the pnonties are 
hereby claimed under 35 USC 119. 
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